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habitat,  value,  and  analysis 

Blake.  Eli  Whitney,  inventor  of  stone  crusher 

Bluestem — 

analysis 

description,  habitat,  and  value 

big,  analysis 

big,  description,  habitat,  and  value 

Bookkeeping,  system  of  accounting  for  cooperative  fruit  asso- 
ciations  

Bornmanm,  J.  H.,  A.  L.  Winton,  and  W.  C.  Burnet,  bulletin 
on  '*  Composition  of  com  (maize)  meal  manufactured  by  dif- 
ferent processes  and  the  influence  of  composition  cm  the 

keeping  qualities" 

Bouteioua  cwrtipendula.    See  Grama,  side-oat. 
BouXeUnta  eriopida.    See  Grama,  black. 
Bouteioua  Mrsuta.    See  Grama,  roiigh. 
Bouteioua  parryi.    See  Grama,  hairy. 

Bouteioua  spp.,  habitat,  value,  and  analysis 

Boutelouma  rothrockii.    See  Grama,  mesa. 
Boys,  agricultural  students  in  high,  schools,  numbers,  by  geo- 
graphic divisions 

Bran,  com,  nature  and  use 

Brand  marks,  market  wool,  disadvantages,  cost  of  picking,  etc. . 

Branding,  sheep,  paints  desirable 

Brant,  food  habits,  note 

Breeding  stock,  on  ranges,  disadvantages,  suggestions,  etc 

Brewers*  meal,  nature 

Brick  roads,  constmction 

Bridges,  highway,  construction 

Brome-grass,  value  of  different  species,  analyses,  etc 

Bromus  marginatuSy  value  and  analysis 

BromuSf  spp.,  habitat,  value,  and  ajialysis 

Bromus  vtlUMtus.    See  Tucolote. 

Brooklime,  description,  occurrence,  and  propagation 

Broom  sed^e — 

analysis 

description,  habitat,  and  value 

Brown  cress,  description,  occurrence,  and  propagation 

Brown-tail  moth,  parasite  work 

Bal^ognuss — 

analysis 

habitat  and  value 
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Buildings,  cotton  warehouses,  types,  cost,  insurance,  etc. 

Bulhilis  dactyloides,  analysis,  habitat,  and  value 

Bunch  i 


analysis 

description,  habitat,  and  value 

Burgess,  A.  F.,  bulletin  on  "Report  on  the  gypsy  moth  work 

in  New  England  '* 

Burnet,  W.  C.,  A.  L.  Winton,  and  J.  H.  Bornmann,  bulletin 
on  **  Composition  of  com  (maize)  meal  manufactured  by  dif- 
ferent processes  and  the  influence  of  composition  on  the 

keeping  qualities  " 

Burr,  W.  W.,  E.  C.  CraLcoTrand  J.  S.  Cole— 

bulletin  on  "Barley  in  the  Great  Plains  area,  relation  of 

cultural  methods  to  production  " '. 

bulletin  on  "C^m  in  the  Great  Plains  area,  relation  of 

cultural  methods  to  production  " 

bulletin  on  "Oats  in  tne  Great  Plains  region,  relation  of 

cultural  methods  to  production  " 

bulletin  on  "Spring  wheat  in  the  Great  Plains  area,  rela- 
tion of  cultural  methods  to  production  " 


BuIIetiiL 


Calamagrostis  spp. ,  habitat,  value  and  analysis 

Calamovilfa  longifolid.    See  Sand  grass,  big. 
California — 

Fresno  district,  importance  in  raisin  and  wine  production. . 

Napa  County,  production  of  dry-wines,  note 

vineyards,  cooperative  experiment,  location,  nature,  etc. . 

waterfowl,  mortality  in  San  Joaquin  Valley 

wools,  quality,  and  grades. 

Calosoma  sycophanta — 

colonies  liberated,  spread,  work,  etc 

parasite  of  gypsy  and  brown-tail  moths,  habits  and  value.. 

Canadensis^  description,  occurrence,  and  propagation 

Canary  grass,  reed,  habitat,  growth  habits,  value,  and  analysis. . 

Caterpillar,  range,  notes 

Cats-tails,  description,  occurrence,  and  propagation 

Cattle- 
New  Mexico,  numbers,  distribution,  and  importance,  1909- 
1913 

ranch,  work  of  ranchmen *. 

Cattlemen,  competition  with  sheepmen  on  range  lands 

Cedars,  Rocky  Mountain  region,  varieties,  descriptions,  etc. . . 
Ceratophyllum  demersum,  description,  occurrence,  and  propa- 
gation  

CJuietochloa  spp. ,  habitat,  value  and  analysis . . , 

Charmille.    See  Elm,  water. 
Chataignier.    See  Elm,  water. 

Cheat,  hay  grass  of  California,  value  and  analysis 

Chilcott,  E.  C,  J.  S.  Cole,  and  W.  W.  Burr— 

bulletin  on  "Barley  in  the  Great  Plains  area,  relation  of 
cultural  methods  to  production  " 

bulletin  on  "Com  in  the  Great  Plains  area,  relation  of 
cultural  methods  to  production  " 

bulletin  on  "Oats  in  tne  Great  Plains  region,  relation  of 
cultural  methods  to  production  " 

bulletin  on  "Spring  wneat  in  the  Great  Plains  area,  rela- 
tion of  cultural  methods  to  production  " 

Chloris  spp. ,  habitat,  value  and  analysis 

Choke  pond  weed,  description,  occurrence,  and  propagation  . . . 

Clothing  wools,  market  grades 

Colaspis  denHcollis.    See  Leaf -bee  tie,  southern  com. 
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COT.B,  J.  S.,  E.  C.  Chilcott,  and  W.  W.  Burr— 

bulletin  on  ''Barley  iu  the  Great  Plains  area,  relation  of 

cultural  methods  to  production  " 

bulletin  on  "Com  in  the  Great  Plains  area,  relation  of 

cultural  methods  to  production  " 

bulletin  on  ''Oats  in  the  Great  Plains  r^on,  relation  of 

cultural  methods  to  production  " 

bulletin  on  "Spring  wneat  in  the  Great  Plains  area,  rela- 
tion of  cultural  methods  to  production" 

Colofado— 

barley  growing  at  Akron  field  station,  yield  and  cost  per 

acre  by  different  methods 

bluestem — 

analysis 

»  description,  habitat,  and  value 

com,  growing  at  Akron  field  station,  yields  and  cost  per 

acre  by  different  methods 

oats,  growing  at  Akron  field  station,  yields,  and  cost  by 

different  methods 

spring  wheat  growing  at  Akron  field  station,  methods, 

3rields,  and  cost. .' ^ 

wool,  quality,  aud  characteristics 

Colostrum  milk,  effect  on  alcohol  test 

Combing  wools,  market  grades 

Qmpnlura  concinncUa — 

colonies  liberated,  spread,  work,  etc 

parasite  of  gipsy  and  brown-tail  moths,  description  and 

habits 

Coon  tail — 

description,  occurrence,  and  propagation 

value  as  duck  food 

Cord-gnMas — 

habitat,  value,  and  analysis 

^ant,  habitat,  value,  and  analysis 

Com— 

compofldtion  of  products  of  different  sections 

composition  of  white  and  yellow 

cost  per  acre  of  production  by  different  methods,  Great 

Plains 

flour,  nature  and  uses 

ecrm,  nature,  composition,  and  uses 

6reat  Plains  area,  relation  of  cultural  methods  to  produc- 
tiOTt,  bulletin  by  E.  C.  Chilcott,  J.  S.  Cole,  and  W.  W. 

Burr 

grinding  for  meal,  processes 

growing — 

cost  of  various  openitions.  Great  Plains 

cost  pier  acre  of  various  operations,  Great  Plains 

experiments  at  13  fielfl  stations  in  Great  Plains,  meth- 
ods, cost,  etc i 

fourteen  field  stations  in  Great  Plains,  yields  and  cost, 

by  different  methods 

in  Great  Plains — 

area  of  investigations 

methods  and  management 

yields,  profit  and  loss  at  13  field  stations. .: 

kaf-beetle— 

southern,  bulletin  by  E.  O.  G.  Kelly 

See  also  Leaf-beetle, 
meal,  manufacture  by  different  processes,  and  the  influ- 
ence of  composition  on  the  keeping  quaUties,  bulletin 
by  A.,L.  Wmton,  W.  C.  Burnet,  and  J.  H.  Bommann 
meal.    See  also  Meal,  com. 
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Bulletin. 


Corn— Continued . 

milling — 

composition  of  products 

prooucts , 

products,  analysis 

moisture  determination,  meUiods 

planting  to  avoid  leaf-beetle 

prices  at  farm,  1905-1914,  Great  Plains,  by  States 

roller-mill  products,  analysis 

spoilage,  causes,-  and  detection  methods 

stone-mill  products,  analysis 

varieties  used  for  meal  and  hominy 

yellow,  composition 

Com  cal^e,  nature  and  use  as  feed 

Com  feed,  nature  and  in^edients 

Cottea  pappophoroideSf  habitat,  value,  and  analysis 

Cotton- 
crop,  financing,  importance  of  warehouse 

farmer — 

advantages  to  farmer  of  organized  system  of  cotton 

warehouses 

credit  system  for  farmer  with  supply  merchant,  objec- 
tions  

mills,  number  and  storage  capacity,  by  States 

filing  through  factors,  practices  and  disadvantages 

storage — 

difficulties  under  present  conditions 

facilities  in  the  South,  sources  and  methods  of  securing 

data 

facilities,  need  of  improvement,  suggestions,  etc 

warehouse — 

importance  in  fina];icing  the  cotton  crop 

system,  suggestions 

warehouses — 

cooperative,  suggestions 

cost,  types,  equipment,  etc 

distribution 

equipment  with  automatic  sprinklers,  advantages, 

insurance  rates,  etc 

insurance  rates 

plans,  equipment,  and  cost  of  different  types 

storage  capacity 

storage  facilities  now  available  in  the  South,  bul- 
letin by  Robert  L.  Nixon 

Cotton-mill  warehouses,  number  and  capacity,  by  States 

Crab-grass — 

habitat,  value,  and  analysis 

oc^currence  in  orange  orchards,  note 

Crashes,  description,  propa^tion,  value  as  duck  food 

Cress,  description,  propagation,  value  as  duck  food 

Cronariium  quercus.    See  Peridermium  cerebrum. 

Crop  rotation,  Belle  Fourche  field  station,  plan  and  treatment 

01  land 

Crown  gall,  sugar  beets,  field  studies,  bulletin  by  C.  O.  Town- 
send  

Culverts,  highway,  construction 

Cwpressus  arizonica.    See  Arizona  cypress. 
CupresstLS  alohra.    See  Smooth  cypress. 

Cut-grass,  habitat,  value,  and  analysis 

Cypress — 

Rocky  Mountain  region,  bulletin  by  George  B.  Sudworth. 
wood,  characteristics  and  value 
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CypresBes — 

daas  and  family  relationshipB 

generic  characteristics ' , 

Rocky  Mountain  region,  species,  descriptions,  etc 

Date  palm — 

botanical  characters  of  the  leaves  used  in  distinguishing 

cultivated  varieties,  bulletin  by  Silas  C.  Mason 

foliage  characters  of  four  varieties 

leaf  characters 

propagation,  note * 

Degiet  Noor  date  palm,  foliage  characters 

Desdiompena  csdspUosa,  analysis,  habitat,  and  value 

Desiccated  eggs — 

ammoniacal  nitrogen  content,  comparison  with  liquid  be- 
fore desiccation 

bacterial  content,  comparison  with  liquid  before  desicca- 
tion  

Dipping  sheep,  effect  on  wool 

Disking — 

barley  in  Great  Plains 

.  com  land^  cost  per  acre,  Great  Plains 

oata  in  Great  Plains 

wheat  land,  cost  per  acre 

Dutiehlis  spicata.    See  Salt  grass. 

Ditch-grass.    See  Wigeon  grass. 

Ditch-moss,  description,  propagation,  and  value  as  duck  food . . . 

Domestic  wools,  use  of  term ' 

Drains,  road,  types -. 

Drilling,  cost  per  acre — 

bflJtey  in  Great  Plains 

com  m  Great  Plains 

oats  id  Great  Plains 

wheat 

Drooping  juniper — 

aescnption  and  characteristics 

occuirence  and  growth  habits 

wood,  character  and  uses. 

Dry  wines,  production  in  Napa  County,  Cal.,  notel 

Dry-land  grasses,  descriptions  and  value  of  various  native 

sTOcieB .' V 

Duck  diseases — 

Great  Salt  Lake  and  Joaquin  Valley,  remedies 

prevalence  around  Great  Salt  Lake  and  in  Joaquin  Valley, 

nature,  and  causes,  investigations 

Duck  farms,  food  plants 

Duck,  mallard,  importance  in  Louisiana,  note 

Ducks- 
death  from  duck  disease  around  Great  Salt  Lake,  history. . 

food  plans  for  duck  farms 

recovery  from  duck  diseases  of  Great  Salt  Lake,  experi- 
ments  

wild — 

death  in  various  localities  near  Great  Salt  Lake,  his- 
tory, numbers,  etc 

foods  important,  bulletin  by  W.  L.  McAtee 

mortality  around  Great  Salt  Lake,  Utah 

Duck's  meat- 
name  for  duckweed .^ 

See  also  Duckweeds. 
Duckweeds — 

descriptions,  occurrence,  value  as  duck  food,  etc 

propagation 

Dwarf  jumper.    See  Juniper,  common. 
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Earth  roads,  maintenance,  directions 

Echinochloa  spp.,  character,  value,  and  analysis 

Echinochloa  crus-gallit  analysis,  habitat,  value  and  yield 

Education,  use  of  land  in  teaching  agriculture  in  secondary 

schools 

Eel-grass — 

description,  occurrence,  and  propagation 

value  as  duck  food '. 

Egg-breaking — 

industry^    evolution   in    construction,    equipment,    and 

operations 

plants — 

construction  and  equipment,  improvement,  work  of 

Department  in  three  establishments 

experiments  in  cooperating  houses,  1911  and  1912 

plans  and  practices 

terms  used,  glossary 

speed  factors 


BuUetln. 


bacterial  content  of  commercial  product,  seasonal  varia- 
tion  

bad,  presence  in  breaking-room,  detection,  caution,  hand- 
ling. 


breaking,  experiments,  comparisons,  etc . . 

classes  in  egg-breaking  plants,  composition,  bacteriologi- 
cal content,  etc 

frozen — 

and  dried,  a  study  of  the  preparation  in  the  producing 
section,  bulletin  by  M.  E.  Pennington,  M.  K. 
Jenkins,  W.  A.  Stocking,  S.  H.  Ross,  E.  Q.  St. 

John,  Norman  Hendrickson,  and  W.  B.  Hicks 

composition ,  and   bacterial   content   of   commercial 

samples 

grading— 

experiments,  comparisons,  etc 

in  breaking  room 

in  packing  houses 


handling,  sanitation,  management. 


leaky — 

bacteriological  data 

composition  of  commercial  samples 

handling  and  grading  at  egg-breaking  plant 

liquid  and  dried,  composition  and  bacterial  content  of 
commercial  samples 

liquid,  chemical  and  bacteriological  content  of  commercial 
product 

mixed,  bacterial  content  of  commercial  samples,  seasonal 
variation 

packing-house  receipts,  per  cent  rejected 

''soft,"  nature,  and  bacterial  content  of  13  samples 

studies  before  and  after  desiccation 

tanners',  nature,  bacterial  content,  etc 

Elm,  water — 
•  description,  occurrence,  value  as  duck  food,  etc 

propagation 

Eloaea,  description,  propa^tion,  and  value  as  duck  food 

Elymus  condensatus.    See  Rye  grass. 

Elymus  trUicoides,  habitat,  value,  and  analysis 

Elymus  spp.,  habitat,  value,  and  analysis 
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£fynus  virginieuSf  habitat,  value,  and  analviiB 

£ragro9tU  8p|>.,  occurrence,  value,  and  analvsiB 

JBrieoma  cumfata,  analysis,  habitat,  and  value 

ErosiGn,  arid  regions  of  Southwest — 

causes,  nature,  etc 

Cact<n^  influencing 

Buvroctig  dtrysorrhoea^  parasite  work 

Exnibits,  road  models,  various  expositions,  1909-1915. 


Fann  wools,  use  of  term 

Farms — 

school,  size,  tenure,  and  importance  in  the  teaching  ol 
agriculture 

tenant  problem,  relation  to  agricultural  schools 

See  also  School  farms. 
Fescue  grasses,  descriptions,  habitats,  and  analyses  of  various 

species 

FeMtuea  spp.,  habitat,  value,  and  analysis 

Fish-blankets,  description,  propagation,  and  value  as  duck  food . 

Fiske,  W.  F.,  gipsy-moth  work 

Fleece  wools,  use  of  term 

Fleeces- 
buck,  characteristics,  packing,  spinning  value 

burry,  treatment  for  cleaning 

cotted  or  matted,  treatment 

damage  from  brand  marks , 

skirting,  practices  and  advantages 

tying  with  sisal  twine  and  jute,  objections 

wei^t,  effect  of  sand  storms 

Florida,  cotton  warehouses,  storage  capacity 

Flour,  com,  nature  and  uses 

Forage — 

native  grasses  valuable  for , 

New  Mexico  range  lands,  nature  and  distribution 

Foretliera  acwnenata,  description,  occurrence,  propagation,  and 

value 

Forest  survey,  Massachusetts,  Middlesex  County 

Fofeet  trees — 

seed  production,  determination,  problems 

seed  production  measurement,  method  employed 

Foxtail- 
habitat,  value,  and  analysis 

mountain,  analysis 

mountain,  description,  habitat,  and  value 

small,  analysis 

small,  description,  habitat,  and  value 

France,  road  building,  influences,  tyx)es,  and  construction 

French  roads,  types  and  construction 

Fresno  experiment  vine^^urd,  Cidifomia,  soils  and  conditions. . 
Frogbit— 

description,  occurrence,  and  value  as  duck  food 

propagation^ 

Frozen  eggs^ 

composition  and  bacterial  content  of  commercial  samples. . 

second-|^;rade,  bacterial  content 

Frozen-^g  industry,  need,  permanency,  and  problems 

Fruit  associations — 

cooperative,  system  of  accounting,  bulletin  by  G.  A. 
Nahstoll  and  W.  H.  Kerr 

sales  book,  memorandum  records,  practices 

Fungi,  saprophytic,  occurrence  on  jack  pine 
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Gall— 

tuberculasis  of  sugar  beets,  description 

tumor  of  sugar  beets,  description 

Galleta— 

frowth  habitfl,  analysis,  etc 
abitat,  description,  and  value , 

Gulls,  yugar-beet,  kinds  and  distribution 

Georgia — 

cotton  production  in  18  counties,  1913 

cotton  warehouses  - 

distribution  and  storage  capacity,  in  18  counties 

number  and  capacity 

storage  capacity 

cotton-storage  facilities,  survey,  method  and  reliability  of 

work 

Germany,  acreage  cultivated  by  one  laborer,  comparison  with 

United  States 

Gipsy  moth,  control —  » 

cooperative  work , 

dispersion,  investigations 

experimental  work 

food-plant  investigations.' 

increase  in  the  field,  determination,  experiments  and 

work 

natural  control  factors  in  Europe 

parasites — 

colonization,  1913,  1914,  statistics 

descriptions,  introduction,  experimental  work,  etc 

wilt  disea*>e,  investi^tions  in  New  England 

work,  cooperation  with  State  of  Massacnuaettis 

work  in  New  England,  report,  bulletin  by  A.  F.  Burgess. , 
Girls,  a^cultiu"al  students  in  high  schools,  numbers,  by  geo- 
graphic divisions .' , 

Goats,  New  Mexico,  numbers,  distribution  and  importance  of 

industry,  1909-1913 

Golden-top  grass,  habitat,  value,  and  analysis 

GoODRicn,  CHvriLKS  E..  David  Guifftths.  and  GKoursK  L. 
BiDWELL.  bulletin  on  *' Native  pasture  jirassos  of  the  United 

States  " , 

Gradini;  eijirs.  oxneriments,  com  pari '<nns.  etc i 

Grafting,  grajxnino.  congpiiialily  and  adaptability  of  vines... 
Grama   - 
black— 

analy-^is 

description,  habitat,  and  value , 

description,  habitat,  and  value  of  native  varieties 

gra.*^.  value  in  crowding  out  snakeweed  on  range  lands 

hairy — 

analysis 

de.«<cription,  habitat,  and  value 

mesa — 

analysis 

description,  habitat,  and  value 

rough — 

analysis 

description,  habitat,  and  value 

side-oat — 

analysis 

description,  habitat,  and  value 

Grape — 

hybrids,  production  oi  resistant  stock,  work 

varieties,  testing  in  the  vinifera  regions  of  the  United 
States,  bulletin  by  George  C.  Husmann 
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GnpeB— 

American — 

and  Fraaco-Am«rican,  varieties  unckr  tert  on  their 

own  roots,  expenmeola  in  California 

test  as  resistant  stock,  cultural  data 

ccHni)arison  of  grafted,  and  growing  on  their  own  roots 

growing,  suggestions 

Grapevines- 
adaptation  to  soil,  climatic,  and  other  conditsone 

graning,  congeniality  and  adaptability  of  vines 

phylloxera-resistant,  growth  ratings  of  diff^ent  varieties 

in  experiment  vineyards 

resistance  to  phylloxera,  factors 

Gnsns,  native  pasture,  of  the  United  States,  bulletin  by  David 

GriffiUis,  Geo^  L.  Bidwell.  and  Charles  E.  Goodrich 

Giavel  roads,  construction,  principles 

tozing  land,  New  Mexico,  acreage  and  relative  importance, 

19(»-1913 

(keatPhiins— 

barley  growing — 

area,  climatic  conditions,  etc 

relation  to  cultural  methods  to  production,  bulletin  by 

E.  C.  Chilcott,  J.  S.  Cole,  and  W.  W.  Burr 

dimatic  conditions 

com  growing,  relation  of  cultund  methods  toproduction, 
bulletin  by  E.  C.  Chilcott,  J.  S.  Cole,  and  W.  W.  Burr. . 

frost-free  periods,  14  field  stations 

oats,  growing,  yield,  and  cost  by  dififarent  methods,  exper- 
iments in  14  field  stations 

precipitation — 

annual  and  seasonal,  at  14  field  stations 

annual  and  seasonal  at  14  stations 

with  evaporation  at  14  field  stations 

Great  Plaias  area— 

dimatic  conditions  at  14  experiment  stations 

spnos  wheat,  relation  of  cultural  methods  to  production. 
bufieUn  by  E.  C.  Chilcott,  J.  S.  Cole,  and  W.  W.  Burr.. 
Great  Plains  region — 

dimatic  conditions 

oats,  production,  relation  of  cultural  methods,  bulletin  by 

E.  C.  Chilcott,  J.  S.  Cole,  and  W.  W.  Burr 

Grebes,  mortality  around  Owens  Lake,  Cal 

Greraie,  Edward  L.,  discovery  of  Arizona  cypress 

GiumTHs,  David,  bulletin  on  "Yields  of  native  prickly  p«w 

in  southern  Texas" 

GRimTHs,  David,  Gborob  L,   Bidwell,  and  Charles  E. 
Goodrich,  bulletin  on  "Native  pasture  grasses  of  the  United 

States" : 

Grist  mill,  compuison  with  other  types 

Grits- 
brewers',  comx)Ofiition  of  products  of  com  from  various  sec- 
tions  

nature  and  uses 

table,  composition  of  products  of  com  from  various  sections . 
Groond  cedar.    See  Juniper,  common. 

Hanowii^ — 

commnd,  coet  per  acre  in  Great  Plains 

cost  per  acre — 

barley  growing  in  Great  Plains 

oats  growing  in  Great  Plains 

Wheatland 
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Bulletin. 


Pace. 


Harveeting — 

barley,  cost  per  acre  for,  various-  operations,  Great  Plains. 

com,  cost  of  various  operations,  Great  Plains 

oats,  cost  per  acre  for  various  operations.  Great  Plains 

wheat,  cost  per  acre 

Hay- 
farm  prices,  Great  Plains ^ 

feather  bunch-grass,  note 

injury  to  live  stock  by  Hordeum  munntim,  note 


value  of  several  kinds,  note. 


Heller,  L.  L.,  and  F.  R.  Maa8ha.ll,  bulletin  on  ''The  wool- 
grower  and  the  wool  trade" 

EemiUuca  oliviae.  notes 

Hendrickson,  Norman,  M.  E.  Pennington,  and  others,  bul- 
letin on  ''A  study  of  the  preparation  of  frozen  and  dried  ^;g8 
in  the  producing  section*' 

Heteropogon  oonlortus,  habitat,  value  and  analysis 

Hicks,  W.  B.,  M.  E.  Pennington,  and  others,  bulletin  on  "A 
study  of  frozen  and  dried  eggs  in  the  producing  section^ ". . . 

Hilaria  cenchroides.    See  Mesquite,  curly. 

Holcu3  lanatuSj  habitat,  value,  and  analysis 

Eomalacenchrus  oryzoides^  habitat,  value,  a^^d  analysis 

Hominy.    See  also  Grits. 

Hordeum  jtvatum,  habitat,  value,  and  analysis 

Hordeum  spp.,  habitat,  value,  and  analysis 

Hornweed,  description,  propagation,  value  as  duck  food 

Homwort,  description,  propagation,  value  as  duck  food , 

Horses,  New  Mexico,  numbers,  distribution,  and  importance, 
1909-1913 

HusMANN,  George  C,  bulletin  on  "Testing  grape  varieties  in 
the  vinifera  r^ons  of  the  United  States 


Idaho  wools,  quality  and  characteristics 

Indian  millet — 

analysis 

habitat,  erowth,  habits,  and  value 

Indiana,  wools,  quality  and  grades 

Insurance,  cotton  warehouses,  rates  for  different  types,  etc. . 

Jack  pine — 

oiseases 

habitat  and  occurrence. 

injury  by  fire 

injury  by  rodents — - 

nursery,  selection  of  site 

observations  on  pathology  of,  bulletin  by  Ja'mee  R.  Weir. . 

occurrence  of  saprophytic  fungi 

occurrence  of  "  witches '-brooms*' 

Jenkins,  M.  K..  M.  E.  Pennington,  and  others,  bulletin  on 
**  A  study  of  the  preparation  of  frozen  and  dried  eggs  in  the 

producing  section" 

Johnson,  William  T.,  Jr.,  and  S.  Henrt  Ayers,  btdletin  on 

"The  alcohol  test  in  relation  to  milk*' 

June-grass— 

imalysis 

habitat,  growth  habits,  and  value 

See  alio  Goon  tail. 
Juniper — 

common — 

occurrence  and  growth  habits 

varieties,  characteristics,  etc 

Rocky  Moimtain  region,  bulletin  by  George  B.  Sudworth 
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Page. 


Janipere— 

class  and  family  relationshipe 

generic  characteristics 

key  to  species 

hniperus  sabina  proatrala,  description  and  habitat 

Jmipenu  Kopularum,    See  Red  cedar,  mountain. 

Juniparus  spp.    See  Juniper. 

Jmiperus  uiahengis.    See  Utah  juniper. 

Kar^fflg — 

barley  growing,  yield  and  cost  per  acre  by  different  methods 
Com  growing —  ' 

Garden  City  field  station,  yields  and  cost  per  acre  by 

different  methods. 

Hav-s  field  station,  yields  and  cost  per  acre  by  different 

methods 

oats,  growing —  • 

Garden  City  field  station,  yields  and  cost  by  different 

methods 

Hays  field  station,  yields  and  cost  by  different  methods 
^nj^  wheat  ^wing — 

Garden  City  field  station,  methods,  yields,  and  cost... 

Hays  field  station,  methods,  yields,  and  cost 

•  wool,  quality  and  characteristics 

Keuy,  E.  O.  G.,  bulletin  on  "The  southern  com  leaf-beetle. . 

Kentucky,  wools,  quality  and  grades 

Kere,  W.  H,.  and  G.  A.  Nahstoll,  bulletin  on  "A  system  of 

accounting  for  cooperative  fruit  associations" 

King,  Vernon,  statement  on  occiurence  and  habits  of  southern 

c«cn  leaf-beetle. 

.  Eoderia  daittata.    Set  June-grass. 

Umardtia  aurea,  habitat,  value,  and  analysis 

Umbe"  wool,  production  in  Tennessee  and  Kentucky,  note. . . 
Land,  use  in  teaching  agriculture  in  secondary  schools,  bulletin 

by  Eugene  Merritt 

Leaf-beetle,  southern  com — 

bulletin  by  E.  O.  G.  Kelly 

dama^  to  crops v 

descnption  and  life  history 

dissemination 

hibernation 

histcHTy  and  distribution 

literature 

remedies 

l^OKdne.  M.  Louis,  invention  of  steam  road  roller 

"I/^,"  occurrence  in  date  palm,  natilre  and  value 

l^tpioMya  spp,,  habitat,  value,  and  analysis 

Liineweed,  name  for  musk  grass 

i^!m:niMum  spongia,  description,  propagation,  and  value  as 

duck  food , 

f«w«odflo  arkansana,  habitat,  value,  and  analysis 

Usting- 

cnet  per  acre  for  barley  in  Great  Plains 

cost  per  acre  for  com  m  Great  Plains 

cost  per  acre  for  oats  in  Great  Plains.  .^ 

,.   co6t  per  acre  for  wheat 

uve  stock- 
breeding  on  range,  disadvantages,  suggestions,  etc 

business.  New  Mexico,  legal  status,  \ise  of  public  lands, 
privil^es,  management,  etc 

control  of  number  on  range,  importance 

control  on  range  lands,  importance,  and  suggestions 

^lisease  eradication  on  range,  difficulties 
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Live  stock— Continued. 

industry,  New  Mexico,  relative  importance 

losses  in  dry  seasons  on  ranges  in  Southwest,  causes  and 
su^estions 

New  Mexico,  1909-1913,  numbers  of  various  kinds 

Liverworts,  food  of  wild  ducks,  note 

Loco  weed,  occurrence  on  sheep  ranges  of  California,  eradica- 
tion metnod,  note 

Louisiana,  cotton  warehouses,  storage  capacity 

Lycurus  phleoides,  habitat,  value,  and  analysis 

Mac  Adam,  John  Loudon,  road  construction,  method 

Macadam  roads — 

construction 

construction  and  maintenance 

Machinery,  road,  description 

Maize  meal.    See  Meal,  corn. 

Mallard  duck,  importance  in  Louisiana,  note 

Market,  milk — 

alcohol  test,  influence  of  various  conditions  and  bacteria. 

application  of  alcohol  test  in  European  countries 

Market  products — 

change  of  route  after  shipment,  practices 

shipping,  diversion  of  shipment,  practices,  causes,  etc 

Market  wool,  erades 

Marsh  millet,  habitat,  value,  and  analysis , 

Marshall,  F.  R.,  and  L.  L.  Heller,  bulletin  on  **The  wool- 
grower  and  the  wool  trade" 

Mason,  Silas  C,  bulletin  on  "Botanical  characters  of  the 
leaves  of  the  date  palm  used  in  distinguishing  cultivated 

varieties  " 

Massachusetts,  forest  survey  of  Middlesex  County , 

McAtbb,  W.  L.,  bulletin  on  "Eleven  important  wild-duck 

foods'' 

Meal- 
brewers',  nature 

com — 

bolted,  degerminated,  roller-ground,  composition 

bolted,  undegerminated,  analysis , 

consumption,  forms 

manufacture,  processes 

manufactiured  by  different  processes,  composition, 
and  the  influence  of  composition  on  the  keeping 
qualities,  bulletin  by  A.  L.  Winton,  W.  C.  Biurnet, 

and  J.  H.  Bornmann 

methods  of  anal>^ 

spoilage,  factors  influencing , 

stone  ground — 

characteristics 

comparison  with  roller-ground 

storage  experiments 

whole-kernel  stone-ground,  composition  of  products 

of  various  ejades  of  com 

whole-kernel  stone-ground,  keeping  qualities,  com- 
parison with  degerminated,  roller-ground  meal,  ex- 
periments   

d^erminated  com,  relation  of  moisture  content  to  keep- 
ing qualities,  experiments 

processes  of  production  by  roller  mills 

white  com,  roller-ground  and  stone-px)und,  composition. . 

yellow  com,  roller-ground,  composition 

Melic  grass,  habitat,  value  ana  analysis 

MelkOy  spp.,  habitat,  value  and  analysis 
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Merchant— 

cotton  belt,  advantages  of  <xganized  syifUm  of  cotton  ware- 

houses , ^ 

credit  system  to  cotton  fanners 

Mkrbut,  Eugbnb,  bulletin  <m  ''The  use  of  land  in  teaching 

agricuhnre  in  secondary  schools" 

Mesqtdte,  curly — 

"  analysis. 

habitat,  growth  habits  and  value 

habitat,  value  and  analysis 

Meteorus  verneolor,  parasite  of  brown-tail  moth,  value,  note. . . 

Michigan,  wools,  qimlity  and  grades 

Milk— 

alcohol  test,  buUetin  by  William  T.  Johnson,  jr.,  and 

S.  Henry  Ayers 

colostrum,  effect  on  alcohol  test 

market — 

alcohol  test,  influence  of  various  conditions  and  bac- 
teria. 


application  of  alcohol  test  in  European  countries, 
'old^- 


effect  on  alcohol  test ^ 

use  of  term 

powder  plants,  use  of  alcohol  test 

Mill-- 

white-corn,  processes : 

yellow-com,  processes 

Millet,  native,  vaiue  and  analysis 

MilHi^ 
com — 

roller  process 

st(me  process 

processes  for  grinding  com 

Milfe- 

cotton,  number  and  capacity,  by  States 

roller,  cotu  milling,  processes  and  products 

stone,  com  milling 

types  for  grinding  com  meal 

MUlstones,  kinds  used  in  grinding  com  for  meal 

MiwHJflffippi  cotton  warehouses — 

distnbut  ion 

Btozage  csmadty 

Missouri,  wools,  quality  and  grades 

Monodontomerus  aereuM,  note 

Montana — 

barley  growing,  yield  and  cost  per  acre  by  different 

methods 

com  growing — 

Huntley  field  station,  yields  and  cost  per  acre  by 

different  methods 

Judith  Basin,  3rields,  and  cost  per  acre  by  different 

methods , 

oats  plowing — 

m  Yellowstone  Valley,  yields  and  cost  by  different 

methods 

Judith  Basin,  yields  and  cost  by  different  methods. . . 
spring  wheat  erowing — 

Huntley  field  station,  methods,  yields,  and  cost 

Judith  Basin,  methoos,  yields,  and  cost 

wools,  ouality  and  characteristics , 

MOTaas-weea,  description,  propagation,  and  value  as  duck  food 

Moss,  coon  tail,  description,  propagation,  and  value  as  duck 

food : 
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Moth— 

brown-tail,  parasite  work 

gipsy.    See  Gipsy  moth. 

nun,  attack  by  gipsy-moth  caterpillar,  note 

Mountain  cedar — 

description  and  characteristics 

occurrence  and  growth  habits 

wood,  character  and  durability 

Moimtain  juniper.    See  Mo\mtain  cedar. 
Mo\mtain  timothy — 

analysis 

habitat^  description  and  value 

Mvhlenhergxa  porteri.    See  Black  grama. 

Muhlenbergia,  spp.,  habitat,  value,  and  analysis 

Musk  grasses —  • 

descriptions,  occurrence,  etc 

propagation,  directions , 

value  as  duck  food 

Myochroxis  denticollis.    See  Leaf-beetle,  southern  com. 
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Page. 


Nahstoll^  G.  a.,  and  W.  H.  Kerr,  bulletin  on  **  A  system  of 

accoimting  for  cooperative  fruit  associations  " 

Native  wools,  use  of  term ! 

Nebraska- 
barley  growing,  yield  and  cost  per  acre  by  different 

methods 

com  erowing-^ 

North  Platte  field  station,  yields  and  cost  per  acre  by 

different  methods 

Scottsbluff  field  station,  yields  and  cost  per  acre  by 

different  methods , 

oats  growing — 

North  Platte  field  station,  yields  and  cost  by  different 

methods 

North  Platte  irrigation  project,  yields  and  cost  by 

different  methods 

sprine'wheat  growing — 

North  Platte  field  station,  methods,  yields,  and  cost. . 

Scottsbluff  field  station^  methods,  yields,  and  cost 

wool,  quality  and  charactenstic 

Needle  erass — 


ysis. 


description,  habitat,  and  value 

habitat,  value,  and  analysis 

injury  to  live  stock,  note 

Nevada,  wool,  quality  and  characteristics 

New  England,  gipsy-moth  work,  report,  bulletin  by  A.  F. 

Bui^gess. 

New*  Mexico — 

acreage  of  grazing,  agricultiu^,  and  farm  lands,  1909-1913. 

climatic  and  soil  conditions 

Government  land,  control,  uses,  etc 

land  subdivisions 

property,  classes,  and  valuation,  1909-1913 

range  lands,  topography,  nature,  and  distribution  of  fonure. 

range  management,  factors  affecting,  bulletin  by  E.  O. 
Wooton 

topography 

wool,  quauty  and  characteristics 

New  York,  wools,  quality  and  grades 

Nigger  wool,  description,  propagation,  value  for  duck  food... 

Nigger  wool,  other  name  for  Musk  grayss 

NixoN^  Robert  L.,  bulletin  on  *' Cotton  warehouses:  Storage 
facilities  now  available  in  the  South'' 
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North  Carolina —  1 

cotton  production  in  16  countiefl,  1913 ! 

cotton  warehouBos —  | 

distribution  and  cai>acity,  in  16  counties > 

distribution  in  various  States 1 

number  and  capacity | 

storage  capacity ; 

North  Dakota—  |  l 

barley  growlne  at  WiUiston  field  station,  yield  and  cost  '  1 

per  acre  by  different  methods 222  i 

com  growing — 

Dickinson  field  station,  yields  and  cost  per  acre  by 

different  methods 

Edgeley  field  station,  yields  and  cost  per  acre  by 

different  methods 

WiUiston  field  station,  yields  and  cost  per  acre  by 

different  methods 

oats,  growing — 

Dickinson  field  station,  yields  and  cost  by  different 

methods 

Edgeley  field  station,  yields  and  cost  by  different 

methods 

Hettinger  field  station,  yields  and  cost  by  different 

methods 

WiUiston  field  station,  yields  and  cost  by  different 

methods 

spring  wheat  growing —  I 

Dickinson  field  station,  methods,  yields  and  cost. 

Edgeley  field  station,  methods,  yields  and  cost 

Hettinger  field  station,  methods,'  yields  and  cost. . . 
WiUiston  field  station,  methods,  yields  and  cost. . . 

wool,  quality  and  characteristics 

Nun  moth,  attack  by  gipsy-moth  caterpillar,  note 


1 

216 ; 

8 

216 
216 
216 
216 

8 

^10 

13 

14, 16, 17 

Oak  trees,  attack  by  Agrilus  bilineattts 

Oat»— 

cost  of  production  per  acre  for  various  operations,  Great 

Plains 

Great  Plains  region,  relation  of  cultural  methods  to  pro- 
duction, bulletin  by  E.  C.  Chilcott,  J.  S.  Cole,  and 
W.W.  Burr 


growing- 
cost  per  acre  of  various  operations   

field  stations  in  Great  Plains,  comparison  of  yields 

and  cost  by  different  methods 

Great  Plains — 

area  of  investigations 

comparison  of  cultural  methods 

experiments  at  14  field  stations 

treatment  of  land 

prices,  at  farm  granary.  1905-1914,  Great  Plains 

wild — 

analysis  of  different  species 

description,  habitat,  and  value 

Ohio,  wools,  quality  and  grades 

Oklahoma,  cotton  warehouses — 

distribution -  - . 

storage  capacity 

One-seed  juniper — 

description  and  characteristics r 

occurrence  and  growth  habits 

wood,  character  and  durability 
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Opuntia  lindheimeriy  growing  at  San  Antonio,  Texas,  planting, 
yield,  etc 

Opuntia  spp.,  de8cription»  planting,  and  yield  in  southern 
Texas 

Oregon,  wools,  quality  and  grades 

Oyster  grass.    See  Musk  graas 

Packing,  wool,  suggestions  to  woolgrowers 

Palm,  date,  botanical  characters  of  the  leaves  used  in  distin- 
guishing cultivated  varieties,  bulletin  by  Silas  C.  Mason. . . 
Palm  date.    See  also  Date  palm. 

Panic  grass,  habitat,  value  and  analysis 

Paniculqjria  spp. ,  habitat,  value,  and  analysis 

Panicum  spp.,  habitat,  value,  and  analysis 

Pappophorum  apertum,  habitat,  value,  and  analysis 

Paspalum  spp.,  habitat,  value,  and  analysis 

Pasture  grasses,  native,  of  the  United  States,  bulletin  by  David 

Griffiths,  George  L.  Bid  well  and  Charles  E.  Goodricn , 

Paving  blocks,  types,  value,  and  uses , 

Pear,  prickly.    See  Prickly  pear. 

Pennington,  M.  E.,  and  others,  bulletin  on  "A  study  of  the 
preparation  of  frozen  and  dried  eggs  in  the  producing  sec- 
tion"  

Pennsylvania,  wool,  quality  and  grades 

Peridermium  cerebrum — 

disease  of  jack  pine,  description,  damage,  spread,  develop- 
ment  

extent  of  damage  and  control  measures 

Peridermium  comptoniae,  injury  to  jack  pine , 

Peridermium  spp.,  alternate  hosts 

Perishable  products.  See  Fruits;  Market  products;  Meats; 
Vegetables. 

Peter  grass,  description,  propagation,  value  as  duck  food 

Phalaris  arundinaceay  habitat,  growth,  habits,  value,  etc , 

Philotria,  description,  propagation,  value  as  duck  food 

Phleum  alpinum,  descnption,  habitat,  value 

Phraamites  communis,  habitat,  value,  and  analysis 

Phylloxera — 

damage  to  vinifera  vineyards,  control,  and  suggestions 

resistance  of  grapevines,  factors , 

Pine- 
jack.    See  Jack  pine, 
western  white — 

crown  classification  and  seed  production 

distribution  of  seed  crop  by  crown  classes 

seed  production,  bulletin  by  Raphael  Zon 

seed-bearing  characteristics 

white,  value  in  gypsy-moth  regions 

Pinus  divaricate.    See  Jack  pine. 

Planer  tree,  description,  propagation,  value  as  duck  food , 

Planera  aquatica,  description,  propagation,  value  as  duck  food . . 

Pleuraphis  mutica,  habitat,  descnption,  and  value 

Plowing — 

cost  per  acre — 

barley  in  Great  Plains , 

corn  growing  in  Great  Plains 

oats  growing  in  Great  Plains 

oats  growing  in  Great  Plains,  methods 

wheat  land,  cost  per  acre 

Poa  spp.,  habitat,  ana  analysis 

Poison,  bait  for  corn  leaf-beetle,  preparation,  use  and  value. . . 

Polypogon  monspeliensis,  habitat,  value,  and  analysis 

Polyporus  schweinitziif  injury  to  jack  pine 
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Portketria  ditpar.    See  Gipsy  moth. 
Poverty  graas — 

anal>;8is 

deocriptioa,  habitat,  and  value 

Prickly  pear— 

difleases,  prevalence  in  southern  Texas 

growing  at  San  Antonio,  Tex.,  planting,  pelds,  etc 

murvestlng  dates,  and  yields  at  Brownsville,  Tex.,  1912, 
1913 

native  yields  in  southern  Texas,  bulletin  by  David  Grif- 
fiths  

planting  and  cultivation 

yields,  conditions  affecting 

Privet,  swamp — 

description,  occurrence,  and  propagation . . . .  v 

value  as  duck  food 

Protractor,  field,  description  and  use  in  recording  date  leaf 

characters 

Pteromalus  egre^us^  note 

Furcinellia  airoides,  habitat,  value,  and  analysis 

Puldoo  gra£H,  description,  propagation,  value 

Quarantine,  gipsy-moth  in  New  England 


Rabbit  brush,  value  in  crowding  out  snakewood  on  range  lands. 

Ranchmen,  work  on  southwestern  range 

Range;— 

arid  Southwest,  reserve  feed  for  dry  seasons,  management . 

breeding  stock  on,  need  of  better  management 

control,  need 

lands- 
fencing,  need,  and  advantages • 
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New  Mexico,  control  by  stockmen,  practices 

water  development,  practices,  importance,  and  sug- 
gestions  

management — 

New  Mexico,  details * 

New  Mexico,  factors  affecting,  bulletin  by  E.  O. 

Wooton 

overstocking,  preventive  measures,  discussion '. 

plants,  undesurable,  occurrence  and  distribution  in  New 

Mexico ' 

productivity,  reduction  by  close  pasturing,  studies 

summer  feed,  utilization,  management I 

Ranges  lands,  improvement,  discussion ! 

Red  cedar,  mountain —  ] 

description  and  characteristics 

durability  of  wood 

occurrence  and  growth  habits I 

Reed  grass,  purple  panicled.  habitat,  value,  and  analysis 

Rennet,  iniSuence  on  alcohol  test  with  milk ' 

Reseeding,  range  lands,  management  and  suggestions | 

Road—  I 

Appian  Way,  construction,  dimensions,  age,  etc , 

drag,  construction  and  use 

dragging,  cost  per  mile | 

graders,  description  and  operation j 

machinery,  descriptions , 

models- 
bulletin  by  Roads  Office j 

exhibits  at  various  expositions,  1909-1915 \ 

roller,  steam,  invention,  and  value 
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Page. 


Roads — 

concrete,  construction 

construction  requirements  for  different  types 

foundation,  requirements  and  suggestions 

French,  types  and  construction . .  *. 

location  and  alignment,  requirements  and  suggestions. . . 

^ved,  types,  construction,  etc 

Koman,  construction 

Roadside  treatment 

Rock  cedar.    See  Mountain  cedar. 
Rocky  Mountain — 

bee  plant,  occurrence  on  range  lands 

region,  cypress  and  juniper  trees,  bulletin  by  George  B. 

Sudwortn 

Roman  roads,  construction 

Ross,  S.  H.,  M.  E.  Pennington,  and  others,  bulletin  on  "A 
study  of  the  preparation  of  frozen  and  dried  eggs  in  the  pro- 
ducing section  " 

Rupjna  Tnaritima,  description,  propagation,  and  value 

Russian  thistle,  occurrence  on  range  lands,  spread,  objections, 

etc 

Ryegrass — 

awned,  habitat,  value,  and  analysis 

description,  value,  and  analysis,  of  various  species 

eiant,  analysis 

habitat,  growth  habits,  and  value 

Rye  grasses,  descriptions,  habitats,  and  analyses  of  various 

specie 

Rye,  wild,  habitat,  value,  and  analysis. 

Sacahuiste,  habitat,  value,  uses,  and  analysb 

Sacaton —  • 

description,  habitat,  and  importance 

value  and  analysis 

Salt  grass —  , 

analysis 

description  and  value • 

gum  secretions,  note 

Salt  grasses,  descriptions  and  value  of  various  native  species. . 

Saltbush,  Australian,  note , 

Sand  grass,  big — 

analysis 

nature  and  value 

nature,,  habitat,  and  value 

Sand  grasses,  descriptions  and  value  of  various  native  species. 

Sand  storm,  effect  on  weight  of  fleeces,  instance 

Sand-clay  road,  construction,  principles , 

Sanitation — 

egg  breaking  plant .* 

egg  handling,  e£fect  on  product 

Sehedtus  kuvanaey  gipsv-motn  parasite,  description 

Schedidius  huvanae,  colonies  liberated,  sprcAd,  work,  etc 

School  farms — 

advantages  for  teaching  agriculture 

crops  grown 

dimcmties  in  operation 

home  projects,  number,  and  per  cent  of  schools  in  various 
sections 

management,  difficulties 

work  of  students 
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Schools— 

agrkmltunl — 

numbers  and  somcee  of  pupils 

uang  fanns,  number  and  location 

secondary,  use  of  land  in  teaching  agriculture,  bulletin  by 

Eugene  Menitt 

ScUropogcn  bnmfoliu$,  habitat,  value,  and  analyss 

Scoured  wools,  sources,  quality,  and  grades 

Scouting  work,  moth  control,  management,  and  methods 

Sea  grass,  description,  propagation,  value 

Sedge,  broom,  descriptKHi,  habitat,  value 

production  of  western  white  pine,  bulletin  by  Raphael 

Zon 

pure-bred,  production  on  school  fums,  practices 

western  white  pine — 

amount  collected  by  F(»-est  Service,  percentage  of 

production,  etc , 

germination,  relation  to  size,  and  to  weight  of  cone. . 

size,  germination  percentage,  etc 

Seed  mosB,  name  for  duckweeds 

Shearing  ^eep,  machine  work,  comparison  with  hand  work. . 
Sheep — 

branding,  suggestions  to  woolgrowers \ 

dipping,  effect  on  wool 

fescue,  habitat,  value,  and  analysis 

grades  of  wool  from  various  breeds 

grazing  on  prairies,  danger  from  Siipa  comata 

injuries  and  loss  from  machine  shewng,  caution 

New  Mexico,  numbers,  distribution,  and  importance  of 

industry,  1909-1913 

ranch,  work  of  ranchman .- 

weed,  occurrence  on  range  lands,  eradication  methods 

Sheepmen,  competition  with  cattlemen  on  range  lands 

Shrinkage,  wools,  causes,  tests,  effect  on  prices,  etc 

Silkworm,  danger  from  gipsy-moth  wilt  disease,  note 

Silvicultural  work,  ^psy-moth  districts 

Suymbrium  ruuturixum-aqualieumy  description,   propagation, 

value  as  duck  food 

Siianion  spp.,  habitat,  value,  and  analysis : 

Skunk  grass.    See  Musk  grass. 
Sleepy  grass.    See  Needle  grass. 
Smooth  cypress — 

description  and  characteristics 

occurrence  and  growth  habits 

wood,  durability  and  uses 

Snakeweed,  occurrence  on  range  lands,  eradication  methods, 

etc 

Soda  Springs  wool,  use  of  term 

South  Carolina — 

corn  meal  in  the  diet,  importance 

cotton  warehouses — 

distribution 

storage  capacity 

South,  com  meal  consumption,  forms,  importance  in  diet,  etc. 
South  Dakota- 
corn,  growing  at  Belle  Fourche  field  station,  yields  and 

cost  per  acre  by  different  methods 

oats,  growing  on  Belle  Fourche  reclamation  project,  yields 

and  cost  by  different  methods — 

spring  wheat,  growing  at  Belle  Fourche  field  station, 

methods,  >ields,  and  cost 

wool,  quality  and  characteristic 

Spartina  spp.,  habitat,  value,  and  analysis 
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Split-log  drag,  construction  and  use 

8probolusBpp,,hB,hitBkt,  value,  and  analysis 

Sporohohu  wrightUf  description,  habitat,  value 

Squirreltail— 

fescue,  habitat,  value  and  analysis. 

erasB,  habitat,  value,  and  analysis 

St.  John,  E.  Q.,  m.  E.  jPbnninc^ton,  and  others,  bulletin  on 
''A  study  of  the  preparation  of  frozen  and  dried  eggs  in  the 

producing  section'' 

Stxpa  spp. ,  habitat,  value,  and  analysis 

SHpa  vaaeyi.    See  Needle  grass. 
Stock- 
control  on  range,  need, 

disease,  eradication  on  range,  difficulties 

feedingon  rai^,  practices  and  suggestions 

Stocking,  w.  A.,  M.  EI.  Prnninoton,  and  otherfe,  bulletin  on 
''A  study  of  the  preparation  of  frozen  and  dried  ^gs  in  the 

producing  section'' , 

Stockmen,  use  of  range  lands  in  New  Mexico,  practices  and 

privileges. , 

Stone  crusher,  invention,  types,  operation,  etc 

Stonewort,  name  for  musk  grass 

Storage,  cotton,  facilities  in  South,  need  of  improvement,  etc. 
Stover,  com — 

price  in  Great  Plains 

use  of  term , *. 

Subsoiling — 

com  mnd,  cost  per  acre  in  Great  Plains 

cost  per  acre — 

barley  growing  in  Great  Plains 

oats  growing  in  Great  Plains » 

wheat  land 

SuD worth,  Gborob  B.,  bulletin  on  ''The  cypress  and  juniper 

trees  of  the  Rocky  Mountain  region" 

Sugar  beets.    See  Beets,  sugar. 

Summers,  John  N.,  gipsy  moth  work  in  Germany 

Swamp  privet,  description,  propagation^  value 

Switch  pass,  habitat,  value,  and  analysis 

Synthensma  sanffuinaliSf  habitat,  occurrence,  value 

Tags,  wool,  value,  suggestions  to  woolgrowers 

Tanglefoot,  use  in  banding  trees  for  gipsy-moth  control 

Tanners'  ^;gs,  nature,  bacterial  content,  etc ,. 

Tassel  grass  and  Tassel  weed,  description,  propagation,  value. . 

Tansel  pond  weed,  description,  propagation,  value 

Telford,  Thomas,  road  constroction,  methods , 
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INTRODUCTION. 

On  account  of  the  widdy  varying  conditions,  the  meagemess,  or 
often  absence,  of  information  relative  to  the  economic  value  of  the 
numerous  range  forage  plants  entering  into  the  beef,  mutton,  and 
wool  producing  rations  of  the  range  animals  of  this  country,  it  has 
become  desirable  that  a  great  deal  of  original  investigation  and  much 
compflation  should  be  made.  In  order  that  this  information  may  be 
available,  it  is  highly  desirable  that  it  be  brought  together  and  made 
sufficiently  comprehensive  to  fiunish  a  general  reference. 

It  was  with  these  ideas  in  mind  that  these  investigations  were 
begun  several  years  ago.  A  large  part  of  the  work  has  been  done  on 
the  saltbushes,  the  legumes,  the  browse  plants,  sedges,  and  rushes, 
the  nonlegume  and  nongrass  herbaceous  forages,  and  the  miscella- 
neous plants  from  all  groups. 

The  fidd  work  is  done  in  connection  with  other  investigations  in 
the  Office  of  Farm  Management  of  the  Bureau  ,of  Plant  Industry  and 
Ae  laboratory  work  by  the  Cattle-Food  and  Grain  Laboratory  of 
the  Bureau  of  Chemistry. 

Tliis  installment  of  the  work,  dealing  with  a  part  of  the  grasses, 
beats  of  the  most  important  group  of  native  forages,  but  of  course 
coly  a  fraction  of  that  group  is  induded. 

XoB.— Tbii  boUetin  Mwtt^hM  the  results  of  inTestigatioiis  and  compilations,  mainly  of  experiment- 
UtanUnxe.  that  wiU  be  of  TBliie  to  chemists,  agrtoltoral  writers,  and  ranch^ 
8»»*— BoU.  aoi— 15 ^1 
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In  the  analyses,  the  methods  of  the  Association  of  Official  Agri- 
cultural Chemists,  as  published  in  Bulletin  No.  107  of  the  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture,  have  been  employed. 
The  analytical  work  in  large  measure  was  done  by  Mr.  C.  E.  Good- 
rich, assistant  chemist,  Cattle-Food  and  Grain  Laboratory.  About 
one-fourth  of  the  determinations  were  made  by  various  other  analysts 
in  the  same  office. 

The  work  is  confined  to  the  continental  United  States,  and  the 
references  cited  are  mainly  from  departmental  and  experiment- 
station  literature.  Discretion  has  been  constantly  exercised  in  the 
admission  of  data  from  all  sources.  Many  analyses  foimd  in  the 
literature  have  been  omitted  from  our  compilations  on  account  of 
incompleteness,  doubt  as  to  the  identity  of  the  species  dealt  with, 
evident  errors,  and  other  reasons.  To  obviate  such  uncertainties  in 
connection  with  our  own  work,  museum  specimens  have  been  pre- 
served. These,  in  all  cases,  can  be  located  by  the  aid  of  the  serial 
collection  number  of  the  senior  ¥niter  of  this  paper,  given  in  each 
table  as  "Our  sample  No.'' 

It  appears  that  nothing  is  to  be  gained  by  attempting  any  scientific 
arrangement  of  the  species  discussed,  and  few  botanical  data  are  given. 
It  is  considered  that  an  alphabetical  arrangement  will  be  more  con- 
venient, and  that  the  indices  to  the  different  parts  will  be  much  more 
serviceable  to  the  one  using  the  paper  than  an  arrangement  in  con- 
formity with  botanical  usage. 

Chemical  analyses  of  feeds  are  used  by  all  feeders  in  calculating 
rations  and  by  investigators  in  performing  digestion  experiments. 
Nearly  all  experiment  stations  maintain  a  laboratory  to  make 
analyses  of  feeds  in  connection  with  their  experiments  on  the  feeding 
value  of  various  farm  products. 

It  has  been  shown  by  numerous  experiments  that  a  plant  varies  in 
composition  with  age.  On  this  account  care  has  been  exercised  to 
indicate  definitely  the  condition  of  growth  of  the  samples  analyzed 
by  us.  This  fact  must  be  considered  in  any  comparisons  made. 
Failure  to  record  such  data  is  a  fertile  source  of  irregularity  in  much 
chemical  work  done  on  natural  feeds. 

While  these  analyses  do  not  show  all  that  is  desirable,  they  do 
show  relative  values,  when  taken  in  connection  with  the  notes,  and 
they  enable  a  comparison  of  the  species  here  enumerated  to  be  made 
with  better  known  feeds.  The  compilations  of  other  analyses  -will 
simplify  the  labors  of  agronomists,  agriculturists,  and  agricultural 
writers  generally  who  have  occasion  to  employ  such  data. 

GENERAL  CONSIDERATIONS. 

It  has  been  quite  conclusively  shown  that  the  range  question  in 
this  country  is  preeminently  one  of  management.    The  greater  part 
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of  our  range  land  capable  of  economical  improvement  through  seed- 
ing with  any  plants  whose  seed  can  be  secm^ed  successfully  ia  worth 
more  for  farming  purposes  than  for  uncultivated  pastures.  Land 
capable  of  being  farmed  is  called  for;  consequently,  pastures  capable 
of  artificial  improvement  by  easy  displacement  of  native  v^etation 
are  rapidly  decreasing. 

The  more  moist  situations,  usually  small  in  extent,  where  the  use  of 
certain  seed,  such  as  that  of  timothy,  redtop,  and  bluegrass,  without 
thorough  cultivation,  will  produce  economic  results  are,  however, 
in  the  aggr^ate  extensive.  (PL  11,  fig.  1.)  These  moist  moimtain 
and  other  meadows  can  be  improved  greatly,  and  they  constitute 
the  main  areas  where  the  use  of  seed  upon  land,  without  placing  that 
land  under  thorough  cultivation,  has  been  productive  of  economic 
results. 

It  is  true  that  many  introduced  plants  are  of  very  great  importance 
upon  some  of  the  western  rimges  to-day,  but  those  intentionally 
mtroduced  have  as  yet  become  of  only  minor  importance,  with  the 
exception  of  possibly  some  of  the  bur  clovers,  and  even  these  can 
scarcely  be  expected  to  become  of  greater  importance  than  the  com- 
mon accidental  introduction  of  very  early  date.  The  Australian 
saltbush  (Atriplex  semibdccaia),  from  which  so  much  was  once  ex- 
pected, is  now  known  to  be  very  much  restricted  in  importance. 
This  is  not  saying  that  plants  may  not  yet  be  found  which  will 
increase  the  feed  upon  some  of  the  western  uncultivated  pastures. 
Every  effort  should  be  made  to  introduce  such  crops.  But  it  is 
evident  from  past  experience  that  over  most  of  the  native  pastures 
of  our  coimtry  we  must  depend  mostly,  if  not  entirely,  upon  the 
native  fori^e  plants  indigenous  to  the  different  regions  (PI.  VII, 
fig.  2).  It  is,  therefore,  highly  important  that  these  natives,  which 
are  manifestly  to  fiunish  in  the  future,  as  in  the  past,  the  most 
important  part  of  the  feed  supply  of  the  stock  ranges,  should  receive 
continuous  and  careful  study.  This  paper  is  intended  as  a  contri- 
bution toward  a  better  knowledge  of  the  problems  of  these  feeds. 

The  immediate  problem,  as  in  agriculture  generally,  is  one  of  pro- 
duction. The  copious  literature  on  the  subject  of  native  pastures 
which  has  been  issued  by  the  Department  of  Agriculture  and  the 
State  agricultural  experiment  stations  clearly  shows  that  the  pro- 
duction of  feed  has  decreased  and  has  been  so  modified  upon  acces- 
sible lands  as  to  furnish  a  poor  indication  of  the  production  and  the 
aspect  which  once  obtained.  At  present,  it  is  only  in  areas  where 
ingenuity  has  not  yet  devised  adequate  water  supply,  or  where 
areas  have  been  protected,  that  present  feed  production'  resembles 
the  original  either  in  quaUty  or  quantity  (PI.  I,  figs.  1  and  2). 
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DISCUSSION  OF  SPECIES. 

AGROPTBON  SMTTHII  Rydb. 

Agropyronsmithii  is  an  important  species,  familiarly  known  as  Colorado  bluestem. 
All  in  all,  it  is  undoubtedly  the  most  important  native  hay  grass  of  the  western  PlaiDA 
region,  extending  into  the  mountains  of  northern  Arizona.  It  is  closely  related  to 
the  quack-grass  of  the  cultivated  East,  to  which  its  habits  are  very  comparable;  like 
quack-grass,  it  is  benefited  by  partial  cultivation.  For  this  reason  throughout  the 
Dakotas  it  is  a  familiar  thing  to  see  this  species  making  a  very  decided  increase  in 
growth  in  the  edges  of  cultivated  fields.  Here  it  comes  in  contact  with  the  imdis- 
turbed  prairies,  where  it  once  grew  in  abundance,  either  pure  or  mixed  with  the 
gramas  and  buffalo  grass.  In  some  situations,  where  water  is  available  for  irrigation, 
especially  along- the  eastern  slope  of  the  Black  Hills  of  South  Dakota,  meadows  have 
been  cut  for  10  years,  yielding  an  excellent  quality  of  hay  from  this  grass,  to  the  extent 
of  1^  tons  to  the  acre.  Although  its  seed  habits  are  good  and  the  seed  production 
abundant,  it  is  seldom  that  it  reproduces  from  seed  under  natural  conditions,  although 
under  cultivation  it  is  readily  grown  in  this  way.  Indeed,  upon  the  native  prairies 
it  is  common  for  it  not  even  to  h6ad  out,  seed  production  taking  place  only  in  favorable 
years.  Its  reproduction  is  almost  entirely  by  running  rootstocks.  In  1897  crops  of  it 
were  excellent  throughout  the  Dakotas  and  Montana,  many  areas  of  uncultivated 
lowland  prairies  having  a  periect  stand  and  resembling  fields  of  grain  more  than  native 
hay.  It  certainly  could  be  easily  domesticated  and  might  prove  a  valuable  grass  for 
cultivation .  It  has  already  been  extensively  grown  in  small  plats  by  the  State  experi- 
ment stations  and  reports  of  it  are  generally  favorable. 

No.  8810  was  collected  near  Fargo,  N.  Dak.,  August  10,  1907. 


Peroent- 

aseof 

moisture. 

Water-ftee  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract 

Grade 
fiber. 

Nitrogen. 

free 
extract 

Protein, 

Pento- 
saos. 

Out  f?aiiii>l4  No.  fiRlo» , 

7.88 

11.68 
8.05 

2.32 
2.03 

82.27 
34.41 

43.73 
44.08 

10.10 
0.63 

24.13 

AverafiTA  of  10  others  * 

Avemee  of  all 

8.23 

2.00 

34.30 

44.02 

0.66 

1  Canada  Central  Experiment  Farm  Bui.  10,  pp.  28,  32. 
464;  Bui.  66,  p.  465.    Montana  Report,  1002.  p.  66.    South  x^t^v^..  »^t. 
mtag:  BuL  66,  pp.  10, 11;  Bui.  70,  pp.  11;  BuL  76,  p.  11;  Bui.  87,  p.  14. 


Colorado  Bui.  12,  p.  130. 
South  Dakota:  Bui.  40,  p.  160;  Bui.  114,  p.  661. 


Iowa:  Bui.  11,  jj. 
Wyo- 


AGBOPTRON  SPICATUM  (Pwah)  Rydb. 

Agropyron  spicatum  is  the  famous  '^bunch-grass'*  of  the  Columbia  Basin,  and  in 
many  sections  of  that  general  region  it  covers  the  ground  in  big  bimches.  When  un- 
disturbed it  often  resembles  a  field  of  grain  at  a  distance.  Considerable  work  has 
been  done  by  the  Department  of  Agriculture  and  some  of  the  State  experiment 
stations  in  securing  seed  of  this  native  species  and  attempting  to  introduce  it  in  othei 
situations,  but  with  indifferent  success.  The  difficulty  has  been  laigely  one  of  germi- 
nating the  seed.  The  regions  in  which  it  grows  are  somewhat  arid,  and  the  plant  in 
its  natural  habitat  is  accustomed  to  get  along  without  the  use  of  seeds;  in  other  words 
it  is  perennial  and  seldom  has  occasion  to  renew  from  seed.  Under  favorable  con 
ditions  of  cultivation  it  reproduces  readily.  On  account  of  greater  ease  in  handling 
selections  from  the  awnless  forms  are  best  adapted  to  cultivation. 

No.  8850  was  collected  near  Summit,  Mont. ,  August  15, 1907.  The  sample  repreeent 
the  plant  when  the  seed  is  in  the  early  nulk.    It  was  cut  3  inches  from  the  ground . 
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Peroent- 
moistim. 

Water-free  bttsis  (per  cent). 

Material  analyxed. 

Ash. 

Ether 
extract. 

Grade 
fiber. 

NttrofCD- 

free 
extract. 

Protein. 

Pento- 
sans. 

Oar  sample  No.  8850 

«.26 

4.49 

ia«7 

2.30 
8.13 

81.78 
3a  71 

U.42 
49.83 

0.10 
0.16 

34.96 

Anra^  of  7  o^eiB  * 

ATHageofall 

0.90 

8.02 

3a  84 

50.09 

0.15 

>  Ooknado  Bui  12,  p.  65;  Oregon  Report,  1908,  p.  47;  Washington  Bui.  73,  p.  15;  Wyoming  BuL  76,  p.  16. 

AGBOPTBON  TENEBUM  TaMj. 

Agropyron  ienerum  la  geneErally  known  as  slender  wheat-grass  in  experiment-statioa 
and  departmental  literature.  It  has  heen  given  considerable  prominence  as  a  promis- 
ing grass  for  cultivation,  and  its  seed  has  been  placed  on  the  market  by  seed  firms.  It 
has  good  habits,  makes  a  good  quality  of  hay,  and  is  palatable  to  stock.  There  are 
many  varieties  of  it,  some  of  the  natives  from  the  Rocky  Mountain  region  being  much 
lanker  and  taller  in  their  habits  of  growth  than  the  forms  which  have  been  upon  the 
market. 

No.  8791  was  collected  near  Fargo,  N.  Dak.,  August  8, 1907.  No.  8837  was  collect^ 
at  Havre,  Mont.,  August  13, 1907.  This  sample  was  a  tall,  rank,  robust  form,  growing 
in  large  bunches;  it  was  mature,  but  all  green  except  the  heads. 


Peroent- 

aceof 

mototore. 

Water-free  basis  (per  cent). 

Matoial  analysed. 

Ash. 

Ether 

Crude 
fiber. 

Nitrogen- 
free 
extract 

Protetai. 

Pento- 
sans. 

Our  sample  No.  8791 

6.64 
5.41 

6.65 
6.64 
7.17 

2.63 
8.34 
3.07 

88.78 
87.49 
84.79 

5a  10 
46.49 
47.78 

6.90 
6.14 
&34 

35.88 

Oor  sample  No.  8887 

36.49 

AT«raee  of  9  othffl^  1  

ATeraee  of  alL 

7.06 

3.38 

34.94 

47.83 

7.93 

1  Canada  Central  Experiment  Farm  BuL  19.  pp.  38-39.  Colorado  Bui.  13,  p.  64.  Montana  Report,  1903, 
9.66.   South  Dakota:  Bui.  40,  p.  147;  Bui.  69,  p.  37.    Wyoming:  Bui.  65,  p.  14;  Bui.  87,  p.  15. 

AGEOSnS  ASPEBVOUA  TVIa. 

AffrotHi  asperifoUa  (roug^-leaved  bentrgraas)  is  especially  common  in  moist  situations 
from  tiie  Mississippi  River  westward.  It  is  readily  grazed  by  all  classes  of  live  stock, 
but  is  never  abundant  enough  to  receive  serious  consideration.  It  inhabits  the  edges 
of  ninning  streams  or  fresh-water  pools,  where  the  ground  may  be  covered  with  water 
for  some  little  time.  In  such  situations  small  patches  of  it  grow,  but  the  areas  are 
never  extensive. 

No.  88^  was  collected  near  Summit,  Mont.,  August  15, 1907.  This  sample  was  col- 
lected in  blossom  and  cut  close  to  the  ground.  No.  8890  was  collected  at  Hood  River, 
Greg.,  August  23, 1907.  The  seeds  in  the  sample  were  all  ripe,  and  half  of  the  leaves 
were  dry.    This  sample  was  cut  2  inches  high. 


Peroent- 
ni%ture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

0nr8MnpleNo.8887 

5.86 
5.66 

6.56 
15.08 
8.11 

2.83 
1.97 
2.64 

83.60 
80.36 
34.80 

45.98 
47.71 
53.95 

13.59 
5.03 
10.41 

33.51 

Oor  sample  Na  8890 

32.18 

ATwaee  of  4  others  ^ 

Avcrag^^  of  all 

9.01 

2.47 

27.07 

51.57 

9.88 

1  Colorado  BuL  13,  p.  40;  Connecticut  Report,  1879,  p.  156;  Montana  Report,  1902,  p.  66;  U.  S.  Depart- 
iBDt  of  Agriculture  Report  No.  33, 1884,  p.  137. 
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AGROSnS  mEMAUS  (Walt.)  B.  S.  P. 

Agrostis  hiemalis  (bent-grass)  is  very  likely  to  take  possession  of  situations  in  the 
mountains  which  for  some  reason  have  become  completely  denuded  of  other  vegeta- 
tion. Its  extensive  purplish  panicles  make  it  very  conspicuous  in  such  places,  for  it 
often  grows  almost  pure.  It  is  a  species  of  comparatively  little  value,  althou^  often 
grazed  in  close  pastures. 

No.  8847  was  collected  at  Summit,  Mont.,  August  15,  1907.  The  sample  was  col- 
lected in  late  blossom  and  cut  close  to  the  ground. 


Percent- 

affeof 

mobtare. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Ash. 

Bthw 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extxact. 

Protein. 

Peoto- 
saos. 

Oor  sample  No.  8847 

6.62 

7.81 
7.18 

4.85 
2.96 

30.03 
32.30 

51.85 
48.96 

6.96 
&60 

34b  70 

Avwtige  of  4  others  > 

Average  of  all 

7.21 

a34 

31.84 

49.54 

ao7 

1  South  Dakota  Bui.  40,  p.  81.     Wyoming:  Bui.  70,  p.  18;  Bui.  87,  p.  19. 
ALOPECURUS  FULYUS  Sm. 

Alopecums  fulvtia  is  a  much  smaller  species  of  foxtail  than  the  one  that  follows  and 
is  of  much  less  importance.  It  inhabits  low,  wet,  loose  soils  of  high  mountain  meadows, 
and,  like  the  other  species,  it  sheds  its  seeds  from  the  top  downward  immediately  after 
they  lipen.  It  may  often  be  found  growing  in  the  water,  but  not  in  stagnant  pools. 
While  furnishing  considerable  feed  in  limited  areas,  it  is  not  nearly  as  important  as 
the  other  species.    (PI.  II,  ^.  2.) 

No.  8864  was  collected  at  Summit,  Mont..  August  15.  1907.  The  sample  was  per- 
fectly green  and  succulent,  although  half  of  the  seeds  nad  dropped  off.  It  was  cut 
close  to  the  ground. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 

flree 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8864 

7.87 

6.90 
12.12 

2.89 
a  76 

29.61 
27.19 

52.39 
46.64 

8.31 
10.30 

20.99 

A  verage  of  all 

10.38 

a46 

27.97 

48.55 

9.64 

>  South  Dakota  Bui.  40,  p.  72;  Wyoming  Bui.  70,  p.  23. 


ALOPECURUS  OCCIDENTALIS  Scribn. 


Alopecurus  ocddentalis  (mountain  foxtail)  is  an  important  grass  in  high  mountain 
meadows  of  the  Rocky  Mountain  region.  It  resembles  more  closely  than  any  other 
common  grass  the  cultivated  timothy.  It  frequently  makes  practically  puie  crops 
of  considerable  extent  in  wet  situations.  It  commonly  attains  a  height  of  2^  feet 
and  will  often  yield  2  tons  of  hay  to  the  acre.  The  areas  where  it  grows  most  satis- 
factorily are  usually  too  wet  to  be  either  grazed  or  cut  in  early  summer,  but  by  Au^r^^fit, 
when  the  grass  matures,  these  are  often  so  well  dried  up  that  they  can  be  harvested. 
It  is  probably  more  valuable  for  hay  than  for  grazing. 

No.  8862  was  collected  at  Summit,  Mont.,  August  15,  1907.  The  specimen  was 
overripe,  about  half  of  the  seeds  had  fallen,  but  the  culms  and  leaves  were  still  green. 
It  was  cut  about  2  inches  above  the  groimd. 
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Percent- 
al of 
moisture. 

Water-free  basis  (per  cent). 

ICaterial  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Ov  ample  No.  8862. 

5.04 

0.29 
7.06 

2.15 
2.57 

29.91 
28.41 

54.06 
64.37 

7.67 
7.89 

23.63 

Om  ci^MT  sample  > 

Arerage  of  both    .  .    .  . 

6.68 

2.36 

29.10 

54.22 

7.68 

1  Montana  Report,  1902,  p.  60. 

ANDROPOGON  FURCATUS  MnU. 

Andropogon  fwreatus  (big  blueetem)  is  very  characteriBtic  of  the  grass  flora  of  the 
prairie  region  of  the  Great  Plains,  but  its  distribution  is  much  wider  than  this.  It  is 
particularly  abundant  in  the  edges  of  bottom  lands  in  the  Dakotas  and  Montana,  but 
farther  south  and  east,  where  the  rainfall  is  more  abundant,  it  inhabits  the  open  prairies 
tDd  uplands.  Very  good  pasture  is  produced  by  it  early  in  the  season,  but  after  the 
Items  begin  to  stretch  it  is  not  particularly  relished  by  stock.  It  is  one  of  the  important 
ingredients  of  prairie  hay  from  the  Dakota-Oklahoma  region  and  is  considered  of  fair 
qiiality.  llie  speciee  withstands  burning  better  than  almost  any  other  grass.  While 
mowing  to  rid  the  ground  of  the  old  dead  stems  would  undoubtedly  be  conducive  to 
better  growth,  it  has  withstood  repeated  burnings  throu^out  central  Kansas  and 
Nebraska  for  a  great  many  years  and  still  produces  well. 

No.  8827  was  collected  at  Williston,  N.  Dak.,  August  II,  1907.  The  sample  was  in 
early  maturity  and  was  cut  close  to  the  Ground,  ft  contained,  therefore,  the  entire 
culm  and  all  the  root  leaves,  which  are  aoundant. 


Percent- 
ace  of 
moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Onrniapfe  No.  8827 

4.73 

6.83 
0.70 

1.89 
3.20 

33.87. 
33.81 

64.15 
49.09 

4.20 
7.14 

28.24 

Af«nge  of  19  others  1 

ATwage  of  an 

0.00 

3.19 

33.81 

49.35 

0.99 

I  Cknada  Central  Experiment  Farm  Bui.  19,  p.  82.  Colorado  Bui.  12,  p.  90.  Connecticut  Report,  1887, 
|L  itt.  Iowa:  BuL  11,  p.  468:  BuL  50,  p.  474.  Mississippi  Report,  1896,  p.  90.  South  Dakota  Bui.  40,  p.  28. 
r.  8.  Department  of  Agricalture  Report  No.  32, 1884,  p.  120.    West  Virginia  Report,  1890-91,  p.  30. 

ANDROPOGON  SCOPARIUS  MIcfaz. 

Andropogon  scopariui  is  a  species  of  blueetem  easily  distinguished  from  the  preceding 
by  its  greater  tendency  to  grow  in  bunches  and  its  smaller  stature  throughout.  Its 
dirtribution  is  not  essentially  different  from  the  larger  species;  likewise,  it  has  a  pur- 
piiih  odor  early  in  the  season.  While  grazed  readily  before  it  begins  to  head,  it  gets 
VDody  even  earlier  than  A.  furcatus  and  then  is  not  relished.  It  is  not  large  enough 
to  amount  to  much  as  a  hay  crop. 

No.  8825  was  collected  at  Williston,  N.  Dak.,  AuRUst  II,  1907.  The  sample  was  cut 
dose  to  the  ground  and  represents  the  plant  in  early  maturity. 
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ANDROPOGON  SCRIBNERIANUS  NadL 

Andropogon  KribnerianiUf  the  beautiful  bluestem  of  the  dry  pine  regions  of  Florida 
and  adjacent  States,  furnishes  considerable  feed  early  in  the  season,  but,  like  the 
remainder  of  the  bluestems,  the  feed  is  of  second  quality. 


No.  8725  was  collected  near  Jacksonville,  Fla.,  June  8,  1907.  Hie  sample  was 
secured  in  full  blossom,  the  plants  being  cut  at  the  surface  of  the  ground.  Its  per- 
centage of  moisture  was  5.66.  Other  constituents  (on  a  water-free  basis)  were  as  fol- 
lows: A^,  3.02;  ether  extract,  2.11;  crude  fiber,  39.38;  nitrogen-free  extract,  51.87; 
protein,  3.62;  pentosans,  28.44. 


ANDROPOGON  TORRETANUS 

Andropogon  tarreyanus  (white-topped  beard-grass)  is  conspicuous  upon  prairies, 
in  the  edges  of  swales,  upon  railroad  embankments,  and  along  roadsides  where  the 
ground  has  been  stirred  or  there  is  an  accumulation  of  moisture,  from  Arissona  to 
eastern  Texas  and  northward  to  Kansas  and  Nevada.  It  furnishes  a  large  amount  of 
grazing,  and  in  some  situations,  even  in  the  valleys  of  southern  Arizona,  it  fumiahes 
at  times  considerable  crops  of  hay.  While  common  upon  the  prairies  in  the  eastern 
limit  of  its  range,  in  more  arid  r^ons  it  grows  mainly  in  depressions  or  in  places 
which  receive  an  accumulation  of  water  from  the  nature  of  the  surface  drainage.  In 
the  desert  regions  it  is  strictly  a  summer  grass,  starting  to  grow  about  the  first  of  July 
and  maturing  its  seed  in  late  September  or  early  October,  corresponding  with  the 
rainy  season.  Farther  east,  in  Texas,  its  period  of  development  is  entirely  dififerent. 
There  it  may  mature  as  early  as  June. 

Under  proper  conditions  it  grows  readily  from  seed,  and  were  it  not  for  the  fact 
that  its  seed  habits  are  poor  (that  is,  the  seeds  are  difficult  to  gather)  it  would  be  a 
promising  grass  for  cultivation.  Like  many  other  valuable  native  species,  however, 
its  seed  habits  are  such  that  it  would  be  very  difficult  indeed  to  thrash  the  plants 
after  they  are  harvested,  although  the  seed  itself  is  produced  in  good  quantity  and  is 
uniisually  fertile.  The  grass  is  peculiar  in  having  a  distinctly  characteristic  and 
pleasing  aroma.    (PI.  IV.  fig.  1.) 

No.  8394  was  collected  near  Green,  Tex.,  August  14, 1906.  The  sample  was  a  trifle 
overripe;  about  half  of  the  seed  had  fallen,  but  the  plant  was  still  green.  A  few  dead 
leaves  were  attached  to  the  lower  part  of  the  clump,  which  was  cut  2  or  3  inches  above 
the  mund.  Its  percentage  of  moisture  was  8.37.  Other  constituents  (on  a  water- 
free  basis)  were  as  follows:  Ash,  7.16;  ether  extract,  1.64;  crude  fiber,  36.78;  nitrogen- 
free  extract,  48;  protein,  6.42;  pentosans,  23.51. 

ANDROPOGON  TIRGINICUS  L. 

Andropogon  virginicuSy  the  broom  sedge  of  the  East  and  South,  is  commonly  looked 
upon  as  a  pernicious  weed  which  gradually  works  into  permanent  pastures  and 
neglected  places,  driving  out  more  valuable  plants.  Still  it  is  persistent  and  fur- 
nishes a  great  d^  of  fairly  good  pasture  early  in  the  season,  and  it  often  enters  into 
the  composition  of  hay  upon  long-established  meadows. 

No.  8727  was  collected  near  St.  Petersburg,  Fla.,  June,  1907.  The  sample  consisted 
of  root  leaves  only  from  burned-over  ground;  consequently,  the  analysis  represents  a 
most  favorable  composition. 


Percent- 

age  of 

moisture. 

Water-free  basis  (per  cent). 

Material  analyced. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
extract. 

Protein. 

Panto- 
Sana. 

Our  sample  No.  8727 

8.20 

8.40 
6.80 

8.70 
2.11 

33.57 
37.04 

44.48 
47.82 

0.85 
6.23 

21,80 

Average  of  6  others ' 

AvurftgA  of  all 

7.03 

2.33 

36.64 

47.35 

6.75 

1  Connecticut  Report,  1879,  p.  153;  1887,  p.  108.    Mississippi  Report.  1805.  p.  00.    North  Carolina  Bui.  OQb. 
>.5.    U.  8.  Depar&ent  of  Agriculture  Report  No.  32, 1884,  p.  1%.    VirgbOa  Bui.  180,  p.  06. 
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fuL  1.— A  Primitive  Way  of  Pumping  Water  for  Stock  on  the  Mexican  Border. 


Fift.  2.— A  Common  Way  of  Impounding  the  Run-Off  Water  for  Stock  Purposes. 
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FiQ.  2.— Alopecurus  Fulvus  in  a  Pocketlike  Depression  in  the  Grand  Coulee, 

Wash. 
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AUSTIDA  CAUrOBNlCA  Ttarbcr. 

In  southern  Arizona  AriUida  ealiformea,  a  species  of  needle  gnos,  is  of  some  value, 
occupying,  as  it  does,  gravelly  ridges  of  the  foothills.  It  is  closely  grazed  by  cattle 
and  commonly  makes  two  ap|»eciable  crops  during  the  year.  The  main  growth,  of 
course,  is  in  the  summer  rainy  season,  but  there  is  usually  a  considerable  development 
of  root  leaves  in  the  spring,  idiich  is  not  true  of  many  of  the  perennial  species  of  this 
region.    Its  perennial  culms  add  decidedly  to  its  value. 

No.  9588  was  collected  in  the  Santa  Rita  Mountains  of  Arizona,  September  16, 1908. 
Its  perceutBge  of  moisture  was  3.27.  Otiier  constituaits  (on  a  water-free  basis)  were 
as  follows:  AA,  8.05;  ether  extract,  0.90;  crude  fiber,  34.50;  nitrogen-free  extract, 
50.54;  protein,  6.01;  p^itosans,  2^.67. 

ASIS11DA  LONCnOSTA  Sl«mL 

Anstida  longiseta,  a  species  of  poverty  grass,  is  very  conspicuous  on  dry  hills  and 
roUing  prairies  of  the  western  Plains  and  Rocky  Mountain  region,  extending  south- 
ward to  northern  Arizona.  Very  often  large  areas  may  be  seen,  but  it  seldom  grows 
pure.  While  it  sometimes  reaches  a  foot  in  height,  it  is  conmionly  only  about  6  inches. 
This,  however,  depends  upon  the  season  and  the  character  of  the  locality  in  which  it 
grows,  the  drier  situations  producing,  of  course,  much  smaller  plants.  It  is  readily 
giazed  with  other  vegetation  in  both  dry  and  green  conditions,  except  for  a  ahort 
period  after  the  plant  approaches  maturity,  when  the  awns  are  troublesome. 

No8.  7089  and  7090  (Wooton)  were  collected  near  Las  Cruces,  N.  Mex.,  October  4, 
1912.  No.  8873  was  collected  near  Kalispell,  Mont.,  August  16,  1907.  This  sample 
was  in  late  blossom;  some  old  leaves  were  included,  and  it  was  cut  close  to  the  ground. 


Peroont- 
n^ture. 

Water-free  basis  (per  cent). 

ICaterbl  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  7060  (E.  O.  W.). 
Our  sample  No.  70eO(E.  O.  W.). 
ODraampleNo.8873 

3.65 
2.60 
6.73 

9.71 
8.40 
5.82 
8.47 

1.56 
1.32 
1.51 
1.31 

35.40 
86.79 
33.73 
41.55 

44.32 
45.47 
62.70 
42.21 

9.01 
8.02 
6.24 
6.46 

26. 6S 
27.39 
28.64 

One  othff  sample* 

AwrageofaU 

8.10 

1.42 

36.87 

46.18 

7.43 

1  Wyoming  BuL  87,  p.  26. 

ARI8TIDA  MICEANTHA  (VaMj) 

In  south^n  and  southwestern  Texas  Arutida  micrantha  furnishes  half  of  the  grazing 
QV&  large  areas  and  is  a  persistent  palatable  species,  growing  in  large  tufts  about  15 
inchea  hi^.  Generally  it  grows  best  in  open  brushy  regions  and  in  reasonably  fertile 
loamy  soils.  This  is  one  of  the  few  grasses  of  the  Southwest  which  has  perennial 
rteme;  for  this  reason  its  value  on  a  previously  unstocked  range  is  apt  to  be  overesti- 
mated. 

No.  8387  was  collected  at  Encinal,  Tex.,  August  12,  1906.  The  sample  was  fully 
ytore,  was  cut  at  the  surface  of  the  ground,  and  contained  about  5  per  cent  of  old 
gnnrth. 


Percent- 

Water-free  basis  (per  cent). 

Material  analyied. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

OMnBtore. 

Pento- 
sans. 

Out  sample  No.  8387. 

8.88 

11.87 
6.86 

1.43 
2,59 

31.60 
24.88 

49.36 
61.36 

6.24 
4.32 

24.90 

Oue  other  sample* 

Amageofboth 

9.11 

2.01 

28.24 

55.36 

5.28 

nj.  8.  Department  of  Agriculture  Report  No.  32, 1884,  p.  126. 
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ABISnDA  SCABRA  Kth. 

Aristida  scabra  is  closely  related  to  A,  scheidianay  but  is  a  larger,  coarser  plant,  com- 
monly inhabiting  the  4,500  to  5,000  foot  levels  of  the  mountains  of  southern  Arizona, 
where  it  grows  mostly  in  large,  isolated  bunches.  Inhabiting  as  it  does  rough,  rocky 
hill  and  mountain  sides,  it  is  not  usually  grazed  as  closely  as  the  other  species  and 
probably  is  not  quite  as  good  feed. 

No.  8590  was  collected  in  the  Santa  Rita  Mountains,  Ariz.,  September  27,  1906. 
The  specimen  was  completely  dried  up  with  the  exception  of  a  small  portion  near 
the  base.  It  was  harvested  about  3  inches  high.  Its  percentage  of  moisture  was  4.62. 
Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ami,  7.15;  etiier  extract, 
1.54;  crude  fiber,  31.59;  nitrogen-free  extract,  53.37;  protein,  6.35;  pentosans,  25.49. 

ARISTIDA  SCHEIDIANA  (T.  and  B.)  Vaaey. 

Aristida  sckeidiana,  a  species  of  needle  grass,  is  abundant  from  western  Texas  to 
Arizona.  It  inhabits,  in  Arizona  e8i>ecially,  the  upper  foothill  regions  and  extends 
in  many  instances  into  the  mountains  to  an  altitude  of  about  6,000  feet.  Often  the 
amount  of  feed  produced  by  it  is  unequaled  in  quantity  by  any  other  species  over 
considerable  areas.  It  is  at  present  invariably  closely  grazed,  and  in  situations  where 
the  ground  is  not  too  rough  it  could  be  made  into  hay  of  fair  quality  at  the  rate  of  a 
ton  to  the  acre.  It  is  most  abundant  in  the  open  foothills  of  the  isolated  mountain 
ranges  at  an  altitude  of  about  4,000  feet.  It  is  now  seldom  conspicuous  upon  the 
open  range,  because  it  appears  to  be  quite  easily  injured  by  trampling  and  close 
grazing.  In  the  large  inclosure  made  by  the  Department  of  Agriculture  in  the  Santa 
Rita  Mountains  several  years  ago  it  is  exceedingly  abundant  and  productive  over 
considerable  areas,  and  it  produces  probably  as  heavily  to  the  acre  as  any  oth^  sp^ecLce 
which  grows  in  as  pure  stands  as  this  does. 

Although  the  whole  genus  Aristida  is  commonly  referred  to  as  poverty  grass  and 
consists  usually  of  species  which  produce  a  poor  quality  of  feed,  this  one  is  a  decided 
exception.  It  is  perennial  in  character,  produces  a  good  quantity  of  leaves,  and, 
although  quite  rigid  and  hard,  is  evidently  relished  by  stock.  However,  it  is  not 
grazed  nearly  as  readily  as  the  gramas  with  which  it  b  commonly  associated. 

No.  9521  was  collected  at  Prescott,  Ariz.,  August  31,  1908.  The  sample  was  in 
blossom,  and  cut  between  2  and  3  inches  high.  Its  percentage  of  moisture  was  6.^. 
Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  7.20;  ether  extract, 
2.55;  crude  fiber,  34.89;  nitrogen-free  extract,  49.71;  protein,  5.65;  pentosans,  24.59. 

AVENA   BARBATA   Bloi. 

Avena  harbata  is  botanicaUy  a  different  species  of  wild  oats  from  the  one  that  follows, 
but  to  the  rancher  this  is  unimportant,  since  no  distinction  is  popularly  made  between 
them  in  the  California  region.  Both  are  known  under  the  same  name.  This  differs 
in  having  a  little  stricter  and  narrower  panicle  and  a  smaller  and  narrower  seed,  while 
the  brown  hairs  with  which  both  are  clothed  are  somewhat  less  prominent  and  lighter 
in  color. 

No.  8264  was  collected  at  Colton,  Cal.^  May  8, 1906,  when  the  entire  plant  was  green 
and  most  of  the  seed  in  the  milk  condition.  The  plants  were  pulled  up  and  the  roots 
then  cut  off  below  tlie  lower  leaves,  which  were  all  preserved.  The  sample  grew  in  a 
rather  favorable  situation;  consequently,  it  was  greener  than  most  of  the  plants  upon 
the  native  ranges.  No.  8313  was  collected  at  Garvanza,  Cal.,  May  19,  1906.  The 
sample  was  cut  about  3  inches  high  and  was  in  about  the  same  stage  of  maturity  as 
No.  8264. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento. 
sans. 

Our  ftaniDle  No.  ft2ft4. 

6.26 
6.45 

7.26 
8.06 

2.69 
2.68 

36.56 
86.27 

44.78 
47.88 

8.71 
6.61 

24  58 

Our  sample  No.  8313 

2Swl6 

Average  of  both 

5.86 

7.66 

2.69 

36.41 

46.06 

7.16 

24.87 
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ATKNA   fATDA   L. 

Avenafatuay  commonly  known  ss  wild  oats,  is  a  weedy  graas  introduced  from  Euro- 
pean countziee.  It  is  rather  common  in  cultivated  fields  in  all  of  the  small-grain 
Teg;ions  of  the  West.  In  California  it  is  especially  abundant,  having  found  conditions 
favorable  for  its  spread  and  development  upon  imcultivated  lands,  where  it  often 
ianna  an  almost  pure  stand.  There  it  is  made  into  hay,  often  yielding  1  to  1^  tons  to 
the  acre  of  excellent  forage,  if  cut  in  season.  It  is  an  annual,  reproducing  from  seed 
each  season.  This  limits  its  value  as  a  range  plant  to  the  regions  which  are  turfleos, 
for  the  seed  could  not  become  sufficiently  covered  or,  if  covered,  could  not  gain  a 
loothdd  and  thrive  in  competiti(Hi  with  perennial  grasses  which  form  a  turf.  In 
Cafifoniia,  where  it  attains  its  best  growth,  it  is  a  winter  annual,  maturing  its  seed 
about  May.  Without  doubt  it  should  be  classed  as  one  of  the  most  important  wild 
kiage  plants  of  CaHiomia  from  both  a  grazing  and  a  hay  standpoint.  The  curing  of 
the  hay  to  produce  the  beet  quality  is  considered  to  be  more  difficult  than  with  many 
crops.  However,  in  a  region  like  the  one  in  which  it  grows  this  is  not  a  serious  matter, 
for  the  atmosphere  is  dry  and  rains  have  usually  ceased  before  the  crop  is  ready  to  cut. 

The  plant  is  found  rather  frequently  in  the  mountains  of  southern  Arizona,  eepecisdly 
in  the  Huachucas,  where  it  was  doubtless  introduced  by  the  military  operations  con- 
ducted there,  but  it  does  not  find  conditions  suitable  to  its  becoming  sufficiently 
abundant  to  prodiice  any  appreciable  quantity  of  feed.  The  mountains  receive  only 
sufficient  rain&dl  for  it  to  grow  at  all,  and  they  axe  too  cold  for  its  winter  development; 
consequently,  only  a  few  plants  in  favored  localities  are  able  to  thrive.  Upon  the  open 
lands  of  the  foothills  and  deserts  the  rainfall  is  insufficient  and  occurs  in  too  hot  a 
season  for  it  to  thrive.  Experiments  conducted  in  the  Santa  Rita  Mountains  in  the 
intzoducdon  of  this  grass  upon  native  pastures  have  yielded  only  negative  results. 
In  occasional  seasons  a  few  stray  plants  mature  in  favored  situations,  but  around  cabins 
and  in  small  irrigated  gardens  plants  are  frequently  seen.  It  is  also  abundant  in  the 
Pacific  Northwest. 


No.  8301  was  collected  near  Banning,  Cal.,  Mav  15, 
stisw  stQl  green;  cut  about  3  inches  above  ground. 


1906;  in  early  maturity,  but 


• 

Percent- 
moiscure. 

Water-free  besis  (per  cent). 

Ifaterlal  analyzed. 

Aah. 

Ether 
extract. 

Crude 
fiber. 

Nltrogeo- 

free 
extract. 

Protein. 

Pento- 
•ans. 

OnrauiipIeKo.8301 

8.79 

11.23 
7.98 

8.60 
3.14 

29.86 
30.61 

47.42 
51.28 

7.89 
6.99 

25  09 

ATOBgt  of  11  others  1 

A-Twage  o'all. . » -  - 

8.25 

3.18 

30.55 

50.95 

7.07 

1  CaUfcmia  BoL  132,  p.  5.    Oregon  Report,  1904-^,  p.  70.    Washington:  BuL  72,  p.  17;  BuL  82,  p.  10. 

BOITTBLOUA  ARISTIDOIDBS  (H.  B.  K.)  Thwber. 

Boutdoua  aristidoides  is  one  of  the  ^'six  weeks'  grasses  "  of  the  Southwest  and  has  a 
wide  distribution  from  Texas  to  Oalifomia  and  south  to  South  America.  It  is  an  annual 
withseed  habits  p^ectly  adapted  to  make  it  an  aggressive  plant  in  an  unsodded  region. 
Being  an  annual,  its  forage  is  of  low  value,  but  its  seed  production  is  large.  It  occupies 
the  lower  foothills  and  mesas  in  the  southwestern  United  States,  and  when  the  season 
is  favorable  it  makes  nearly  a  ground  cover  over  extensive  areas  and  reaches  the  higher 
altitudes  of  6,000  feet  or  more.  Like  many  annuals,  it  pulls  up  readily;  con- 
sequently, it  is  not  relished  by  stock  even  in  the  green  stage,  although  extensively 
pued  then  and  in  the  dry  condition  when  other  feed  is  scarce.  During  its  maturity 
it  is  especially  annoying  to  sheep  on  account  of  the  spikes,  which  fall  readily  and  pene- 
trate the  fleece  and  feet  of  the  animals,  sometimes  disabling  them.  In  spite  of  these 
drawbacks,  however,  it  is  extensively  grazed,  and  in  many  situations,  where  the  more 
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valuable  grasses  have  been  exterminated,  it  constitutes  the  main  feed,  aside  from  that 
furnished  by  the  shrubs.    (PI.  Ill,  fig.  2.) 

No.  9618  was  collected  in  the  Santa  Rita  Mountains  of  Arizona,  September  22, 1908. 
The  sample  was  mature,  but  only  a  few  spikes  had  fallen  off.  It  was  cut  close  to  the 
ground.  Its  percentage  of  moisture  was  2.44.  Other  constituents  (on  a  water-free 
basis)  were  as  follows:  Ash,  6.84;  ether  extract,  2.12;  crude  fiber,  35.11;  nitrogen- 
free  extract,  46.96;  protein,  8.97;  pentosans,  23.16. 

BOUTELOUA  BURKD  Scribn. 

Bouieloua  burhiiy  a  species  of  grama,  is  one  of  the  most  abundant  of  the  pasture  graases 
of  central  to  southern  Texas.  It  is  a  perennial,  seldom  growing  over  10  inches  high, 
and  usually  only  about  6  Inches,  but  it  produces  an  abundance  of  root  leaves  and  fur- 
nishes a  very  large  percentage  of  the  forage  of  the  native  pastures  of  the  region.  It 
never  gets  large  enough  to  be  considered  as  a  hay  crop.  Like  the  vast  majority  of 
gramas  its  seed  habits  render  it  useless  for  cultivation. 

No.  8398  was  collected  near  Green ,  Tex . ,  August  14, 1906.  The  sample  was  overripe, 
the  seed  having  all  fallen,  and  half  of  the  plant  was  dead  and  dry.  It  was  cut  close  to 
the  ground .  Its  percentage  of  moisture  was  6.81.  Other  constituents  (on  a  water-free 
basis)  were  as  foUows:  Ain,  12.89;  ether  extract,  1.82;  crude  fiber,  30.54;  nitrogen- 
free  extract,  46.70;    protein,  8.05;  pentosans,  22.13. 

BOUTELOUA  CUBTIPENDULA  (MIciiz.)  Totr. 

Bouteloua  cwrtipendula,  the  side-oat  grama,  as  it  is  popularly  called,  is  the  most 
promising  of  the  gramas  for  cultivation.  It  makes  a  taller,  ranker  growth  than  any  of 
the  other  species,  but  like  the  others  has  poor  seed  habits  for  an  agricultural  graas. 
It  has  a  wider  distribution  in  the  United  States  than  any  of  the  other  gramas  except, 
possibly,  B.  hirsuta,  which  is  of  much  less  value.  Some  efforts  have  been  made  to 
domesticate  it,  and  this  species  is  one  that  was  always  included  in  the  tests  made 
during  the  grass-garden  period  of  experimentation  of  12  to  15  years  ago.  A  stand 
of  it  is  not  difficult  to  obtain  from  seed,  but  in  all  cases  of  ciiltivation  whole  spikes, 
as  they  were  stripped  from  the  plant,  were  invariably  sown  or  drilled  in.  The 
separation  of  p\ire,  clean  seed  is  not  to  be  considered. 

The  species  is  conspicuous  and  is  an  important  pasture  plant  mainly  upon  the 
rougher  portions  of  the  Plains  region.  In  southern  Arizona  it  inhabits  similar  situations 
at  altitudes  mainly  between  3,000  and  5,000  feet.  However,  when  sown  and  fur- 
nished sufficient  water,  it  thrives  upon  the  desert  mesas  at  2,000  feet  or  lees.  The  con- 
trolling factor  in  its  growth  is  moisture.  When  this  is  properly  supplied,  it  adapts 
itself  to  almost  all  other  conditions. 

No.  8589  was  collected  on  the  north  slope  of  the  Santa  Rita  Mountains  of  Arizona 
September  27, 1906.  The  straw  in  this  sample  was  ripe  and  dry;  some  of  the  seed  had 
fallen. 


Material  analyzed. 

Percent- 
age of 
moisture. 

Water-free  basis  (percent). 

Ash. 

Ether 
extract 

Crude 
fiber. 

Nitrogen- 
free  ex- 
tract 

Protein. 

Pen- 
tosana. 

Our  samole  No.  8580 

4.60 

8.81 
0.76 

1.50 
1.85 

82.40 
87.76 

58.28 
45.05 

4.88 
5.58 

35.  as 

Average  of  5  others  * 

Ayerage  of  all 

0.68 

1.04 

82.86 

40.28 

6.84 

>  Colorado  Bui.  8,  p.  11;  Iowa  Bui.  56,  p.  461;  New  Mexico  Bui.  17,  p.  86;  Wyoming  Bui.  87,  p.  28. 
BOITTBLOUA  ERIOPODA  Totr. 

Bot^2otiamopo<2a,  the  black  grama  of  New  Mexico  and  thewoolly-footof  other  regicma, 
is  a  species  of  varying  importance  from  Colorado  south  and  from  Texas  to  California. 
Over  the  greater  portion  of  its  range  it  is  strictly  a  pasture  grass,  but  in  portions  of  south- 
ern New  Mexico  it  is  frequently  cut  for  hay  in  almost  pure  stands  from  the  upper,  open 
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grassy  meea  slopes  just  below  and  extending  to  the  foothills  of  the  mountuns.  In 
southern  Arizona  it  is  also  limited  to  gravelly  ridges,  the  better  soils  of  the  gently 
slqHng  mesas  being  occupied  by  other  spedes.  However,  the  present  distribution 
may  be  laigely  the  result  of  artificial  conditions  of  grazing.  There  are  indications  that 
the  species  wiU  occupy  greater  areas  when  stock  is  kept  ofif,  probably  simulating  condi- 
tions which  once  existed.  Where  it  grows  in  sufficient  abundance,  it  ia  very  valuable 
during  long  droughts,  on  account  of  the  perennial  character  of  ito  culms.  On  this 
account,  also,  it  is  more  likely  to  be  injured  during  the  dry  season  by  close  graaing. 

No.  8946  was  collected  in  the  Santa  Rita  Mountains  of  southern  Arizona,  September 
24,1907.    The  sample  was  neariy  mature  and  was  cut  2  inches  high. 


Percent- 

•WOf 

moistiire. 

Water-tree  basis  (per  cent). 

Material  aoalTsed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrocen- 

free 
extract. 

Protehi. 

Pento- 
sans. 

Oar  sample  No.  8W6 

7.38 

0.20 
11.S4 

1.68 
1.7» 

S4.22 
33.61 

49.84 
47.69 

5.06 
5.57 

23.96 

One  oUier  sample* 

Avwage  of  both 

10.27 

1.74 

83.92 

48.76 

5.31 

I  New  Mexico  BuL  17,  p.  36. 

BOirrBLOUA  FILIFOBMB  (Povnu)  GrW. 

BouUUmafiHformis  is  another  grama  of  good  quality  which  furnishes  a  large  amount 
of  feed  in  about  the  same  situations  as  B.  rothrocHif  but  at  rather  higher  elevations. 
Next  to  B.  gracilis  it  is  probably  the  most  important  pasture  species  of  this  important 
genuB,  furnishing  a  large  quantity  of  most  palatable  grazing,  and  at  times  it  is  cut  for 
hay.  It  is  one  of  the  important  species  of  southern  Texas  and  extends  from  there  to 
Arizona  and  southward  far  into  Mexico.  Along  the  entire  Mexican  border,  from 
Laredo  to  Quitovaqiuto,  it  is  one  of  the  most  important  pasture  grasses.  It  stands 
trampling  a  little  better  than  B,  rothrotkii^  but  not  nearly  as  well  as  B.  gracilis. 

No.  8591  was  collected  in  the  north^n  foothills  of  the  Santa  Rita  Mountains  of 
Arizona,  September  21,  1906.  The  sample  was  completely  dried  up  when  gathered 
and  was  cut  close  enou^  to  include  all  the  root  leaves.  Its  percentage  of  moisture 
wa84.48.  Other constitutents (on  a  water-free  basis)  were  as  follows:  Ash,  7.64;  ether 
extract,  1.87;  crude  fiber,  30.94;  nitrogen-free  extract,  54.84;  protein,  4.71;  pentosans, 
26.07. 

BOITTELOUA  HIBSI}TA  Lag. 

BouUloua  hxTiuta  (rou^  grama)  occurs  between  the  Mississippi  and  the  Rockies  from 
British  Columbia  southward,  reaching  its  highest  perfection  and  importance  from  the 
Kmthem  Plains  r^on  southward  far  into  Mexico.  It  also  occurs  in  many  places  east 
of  the  Mississippi  and  is  abundant  in  some  parts  of  the  prairie  regions  of  Florida.  The 
habits  of  the  species  render  it  of  much  less  value  than  its  close  relative,  the  blue  grama, 
but  on  account  of  its  very  wide  distribution  and  abundance  as  a  filler  over  large  areas 
it  ia  a  very  important  species.  It  is  not  a  well-rooted  species,  and  consequently  does 
not  withstand  trampling  by  stock  very  well. 

No.  8951  was  collected  in  the  Santa  Rita  Mountains,  Ariz. ,  September  23, 1907 .  The 
sample  was  cut  close,  in  nearly  mature  condition. 


Pwccnt- 

aceof 

moisture. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
exlraet. 

Grade 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

OorsampleNo.  8951 

6.97 

12.01 
iai4 

2.62 
2.55 

37.10 
32.84 

41.62 
48.59 

6.65 
5.88 

23.75 

Oiwothitrsanipl<^>. . .  r r  - , . 

AVfTSg^J  of  both  r    .    .    r   -  .  .  ,   r  . 

11.07 

2.59 

84.97 

45.10 

6.27 

1  Soath  Dakota  BuL  40,  p.  97. 
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BOUTELOUA  PARRYI  (Foam.)  Griff. 

BouUUma  parryi  (hairy  grama)  never  occurs  in  sufficient  abundance  to  be  a  first- 
quality  grass,  but  it  often  furnishes  half  or  more  of  the  feed  on  small  areas.  It  has 
several  mere  or  less  distinct  habits,  like  many  other  species  of  the  genus.  In  tiivorable 
situations  it  may  become  2  feet  high,  while  in  barren  situations  the  whole  plant  may 
not  be  over  2  or  3  inches  tall.  It  is  one  of  the  most  handsome  grasses  of  the  genus,  of 
good  grazing  quality,  but  of  minor  ecoiiomic  importance  on  accoimt  of  its  sparse  growth. 

No.  7095  (E.  O.  W.)  was  collected  in  the  northern  foothills  of  the  Santa  Rita  Moun- 
tains of  Arizona,  October  9, 1912.  Its  percentage  of  moisture  was  3.49.  Other  con- 
stituents (on  a  water-free  basis)  were  as  follows:  Ash,  7.96;  ether  extract,  1.90;  crude 
fiber,  35.56;  nitrogen-free  extract,  48.58;  protein,  6.00;  pentosans,  26.13. 

BOUTELOUA  EOTHROCKn  Vasey. 

In  some  situations  in  southern  Arizoza  BouUloua  rothrockii  (mesa  grama)  makes 
almost  pure  stands  over  large  areas  of  the  gently  sloping  upper  mesas,  just  below  the 
mountain  foothiUs.  It  is  especially  abimdant  on  the  northern  slopes  of  the  Santa  Rita 
and  Santa  Gatalina  mountains.  In  favorable  seasons  it  often  yields  a  ton  of  hay  to  the 
acre.  It  is  a  very  handsome,  tall  species,  growing  rather  thinly,  but  under  protection 
from  overgrazing — as  has  been  done  in  the  Santa  Rita  Mountains — ^it  has  thickened  up 
wonderfully  and  crowded  out  the  less  valuable  BotUeloua  arUtidoides  and  ArisUda 
bromideSy  which  had  gained  ascendency.  It  does  not  stand  trampling  as  well  as  some 
of  the  other  species  of  the  genus  and  as  a  consequence  does  not  yield  abundantly  to- 
day in  many  situations  where  it  formerly  predominated.    (PI.  Ill,  fig.  1.) 

No.  8592  was  collected  on  the  northern  slope  of  the  Santa  Rita  Moimtains,  Ariz., 
September  27, 1906.  The  sample  was  taken  after  the  plant  had  completely  dried  up, 
but  the  seed  had  not  yet  shattered.  Its  percentage  of  moisture  was  3.55.  Other 
constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  6.53;  ether  extract,  1.58; 
crude  fiber,  36.67;  nitrogen-free  extract,  50.55;  protein,  4.67;  pentosans,  25.68. 

BROMUS  CARINATUS  HOOKERIANUS  (Thub.)  Shew. 

Bromus  carinatus  hooherianus  is  rather  coarse,  tall  brome-grass,  which  adds  a  great 
deal  to  the  feed  in  the  region  where  the  sample  was  collected.  It  grows  scatteringly 
and  also  often  inhabits  very  limited  areas  to  the  exclusion  of  practically  everything 
else.  It  is  regularly  grazed  by  cattle  in  this  section,  even  when  old,  and  probably 
does  not  differ  materially  in  pasture  value  from  some  of  the  cultivated  species,  but 
it  has  a  decided  advantage  over  the  weedy  introduced  annuals  which  occupy  the 
greater  part  of  the  land  in  this  region. 

No.  8302  was  collected  near  Banning,  Cal.,  May  15,  1906.  The  seed  of  the  sample 
was  nearly  mature.  The  culms  were  cut  about  2  inches  from  the  ground.  Its  per- 
centage of  moisture  was  7.01.  Other  constituents  (on  a  water-free  basis)  were  as  Col- 
lows:  Ash,  9.36;  ether  extract,  2.52;  crude  fiber,  29.20;  nitrogen-free  extract,  53.62; 
protein,  5.30;  pentosans,  24.28. 

BROMUS  HORDEACEUS  L. 

Bromtui  hordeaceuSf  a  species  of  cheat,  cultivated  as  a  hay  grass  in  some  sections.  La 
an  important  introduced  annual  weed  of  California  west  of  the  Sierras.  It  makes  a 
fair  quality  of  feed  and  is  adapted  for  either  pasture  or  hay.  It  does  not  possess  the 
disadvantageous  characteristics  of  the  tucolote  and  some  of  the  other  species. 

No.  7107  (Wooton)  was  collected  at  Red  Bluff,  Cal.,  April  7,  1913.  No.  8315  waa 
collected  near  Santa  Barbara,  Cal.,  May  21,  1906.  The  sample  was  taken  when  the 
seed  was  in  the  milk.    It  was  cut  close  to  the  ground. 
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Percent- 
moisture. 

Water-free  basis  (per  cent). 

Material  anslyzed. 

Ash. 

Ether 
e3rtr»ct. 

erode 
fiber. 

NltroseD- 

free 
extract. 

Protein. 

Pento- 
sans. 

Oar»mpteNo.n07(E.  O.  W.). 
Oar  sample  No.  8315 

«.30 
ft.  70 

8,37 
9.46 
11.49 

3.80 
1.06 
6.00 

27.00 
30.81 
28.53 

50.83 
42.00 
37.34 

10.34 
0.08 
17.04 

21.78 
25.18 

ATcram'of  5  otho^  > 

Avoage  of  all 

11. 1£ 

4.06 

20.01 

38.28 

15.71 

1  Iowa  Bui.  50,  p.  443. 

BBOBfVS  BfABGINATCS  Nees. 

The  distibution  of  Bromus  marginatuMy  a  native  speciea  of  brome-graflB,  ia  not 
remariobly  different  from  that  of  B.  richardioni;  and  the  quality  of  the  feed  produced 
by  the  two  is  somewhat  similar,  but  this  species  is  much  coarser  than  the  other. 

No.  8846  was  collected  near  Summit,  Mont.,  August  15,  1907.  The  seed  was  in 
eariy  dough  and  the  plant  was  cut  2  inches  high.  No.  8887  was  collected  near  Dee, 
Or^.,  Aji£ust  22,  1907.  The  sample  was  fully  mature,  the  upper  part  of  the  culm 
heiog  d&id  and  dry,  but  the  leaves  were  all  green.  It  was  cut  about  3  inches  above 
the  ground. 


Percent^ 
moisture. 

Water-free  basis  (per  cent). 

Material  anal  jxed. 

Ash. 

Ether 
extract. 

Crade 
fiber. 

Ntrogetn- 

free 
extract. 

Protein. 

J>ento- 
sans. 

Our  sample  No.  8840 

0.23 
7.34 

0.80 
10.55 
10.06 

1.01 
2.07 
3.01 

35.10 
40.11 
20.93 

40.01 
42.00 
40.05 

0.10 
4.28 
15.76 

23.97 

Our  sample  No.  8887 

21.22 

ATvage  of  14  others! 

Averf^fifaH 

10.41 

3.41 

30.80 

40.85 

14.44 

I  Iowa:  Bui.  11,  pp.  406jJ74;  Bui.  50,  p.  440.    Montana  Report,  1902,  p.  00.    Nevada  Bui.  71,  p.  23.    South 
Dakota  BuL  00,  p.  13.    Wyoming:  BuJ.  70,  p.  28;  Bui.  70,  p.  22. 


BBOMUS  P<H«TANTHUS 

Broniu»  polyanthus  is  a  valuable  tufted  perennial  species  of  brome-gniss,  inhabit- 
ing the  open  wooded  areas  of  the  Rocky  Mountains.  It  has  a  wide  distribution  in  the 
West,  extending  northward  to  Saskatchewan.  So  far  as  known,  it  never  forms  any- 
tiiing  like  a  complete  stand,  but  on  the  contrary  is  found  in  isolated  patches  scattered 
among  other  species.  It  is,  however,  an  important  component  of  the  pasture  lands, 
mountain  meadows,  and  dry  hillsides  throughout  the  r^on.  In  the  San  Francisco 
l^ghlands  it  has  been  practically  killed  out  by  grazing  excepl  where  protected. 

No.  8860  was  collected  near  Summit,  Mont.,  August  15,  1907.  The  seed  of  this 
sample  was  in  milk,  and  the  plants  were  harvested  about  3  inches  high.  No.  9536 
W88  collected  in  Preecott,  Ariz.,  September  1, 1908.  This  sample  was  in  late  blossom 
and  was  cut  2  inches  hign. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

OoramDleNo  8800. 

4.22 
0.30 

4.12 
10.88 
5.57 

2.04 
1.59 
1.71 

34.01 
37.50 
35.00 

53.24 
41.89 
47.22 

6.60 
8.08 
10.41 

25.00 

OoraampieNoiosSO. 

19.38 

One  othAT  samnle  1 

Awrage  of  tdl . . . 

0.80 

1.78 

35.55 

47.45 

8.30 

1  Wyomhig  BuL  87,  p.  32. 
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BROMUS  EUBENS  L. 

While  not  posBesaing  the  deleterious  characteristics  described  under  Bromus  viUosus 
to  quite  as  serious  a  degree,  B.  rubens  nevertheless  causes  considerable  injury  in  the 
same  way.  On  the  whole,  it  is  a  grass  of  very  little  value.  It  is  not  as  good  feed  as 
B,  villoms  in  either  its  early  or  its  mature  stages.  The  injuries  caused  by  it  are  not 
quite  so  pronoimced,  but  the  ranges  would  undoubtedly  be  better  ofif  without  it. 

Nb.  8263  was  collected  near  Colton,  Gal.,  May  8, 1906.  The  sample  was  mature  and 
harvested  about  1  inch  high.  Its  percenti^  of  moisture  was  5.02.  Other  constituents 
(on  a  water-free  basis)  were  as  follows:  Ash,  4.16;  ether  extract,  2.07;  crude  fib^, 
33.24;  nitrogen-free  extract,  55;  protein,  5.53;  pentosans,  28.20. 

BBOMUS  VILLOSUS  Forak. 

Bromus  vUlosuSy  a  weedy  annual,  popularly  known  as  tucolote,  is  one  of  the  many 
species  of  Bromus  introduced  into  the  western  United  States.  It  is  more  abundant 
and  conspicuous  in  California  than  anywhere  else,  and  its  presence  in  such  quantity 
is  undoubtedly  a  detriment  to  the  California  ranges.  The  feed  produced  by  it  when 
yoimg,  before  it  is  headed  out,  is  equal  to  that  produced  by  any  of  the  other  weedy 
brome-grasses  which  have  been  introduced  throughout  the  region,  but  as  soon  as  the 
seed  has  ripened  it  is  of  very  little  value  as  feed,  and  in  many  cases  it  is  positively 
detrimental  to  stock  which  happen  to  graze  upon  an'  area  where  it  occurs  abundantly. 
It  is  an  aggressive  grass  and  has  a  tendency  to  drive  out  the  other  annuals  that  compete 
with  it.  The  injury  done  is  mainly  to  the  sheep  industry.  The  sharp-pointed  seeds 
work  into  the  fleece,  the  feet,  and  even  the  eyes  of  the  animals,  often  causing  them  to 
lose  the  eyesight  entirely.  On  this  account  the  herdsman  considers  it  imperative  that 
his  flocks  be  removed  from  the  tucolote  areas  of  the  valleys  and  foothills  before  this 
plant  ripens  its  seed.  The  seeds  also  work  their  way  into  the  feet  of  the  animals, 
causing  them  to  become  lame  and  in  some  cases  unable  to  travel.  This  is  the  very 
characteristic  which  enables  the  plant  to  obtain  the  mastery  over  other  species.  The 
seeds  are  rather  sharp-pointed  and  slightly  barbed,  so  that  they  will  work  their  way 
into  the  ground.  The  sharp-pointed  seeds  are  even  more  injurious  to  stock  than 
the  awns.    (PI.  IV,  fig.  2.) 

No.  8262  was  collected  near  Colton,  Cal.,  May  8,  1906,  and  the  sample  was  then 
practically  ripe.  The  seed  was  mostly  in  late  dough,  with  the  leaves  fast  turning 
color,  but  by  no  means  dry.  The  stems  had  turned  color  also,  but  were  still  full  of  sap. 
The  culms  were  cut  off  1  to  2  inches  above  the  ground. 


Percent- 
age of 
moisture. 

Water-flree  basis  (per  cent). 

Material  analysed. 

Ash, 
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extract. 

Crude 
fiber. 

Nitrogen. 

free 
extract. 

Protein. 

P«lltO- 

sans. 

Our  sample  No.  8262 

6.22 

5.20 
13.82 

1.79 
3.99 

29.14 
28.18 

59.51 
40.24 

4.36 
13.77 

25.60 

One  other  sample  * 

Average  of  both 

9.51 

2.89 

28.66 

49.88 

9.06 

I  South  Dakota  Bui.  69,  p.  16. 
BULBILIS  DACTYLOIDBS  (Natt.)  Raf. 

BulbUis  dactyloides  (buffalo  grass)  is  strictly  a  pasture  species,  distributed  from  the 
Dakotas  to  the  Rocky  Mountains  and  south  into  Mexico.  Popularly,  several  othei 
species  are  confused  with  this  one.  BoiUeUma  gracilis ^  especially  when  not  in  bead^ 
is  very  similar  and  frequently  mistaken  for  it.  On  this  account  the  true  buffalo  sraae 
is  very  much  overestimated  in  importance,  because  there  are  so  many  things  inclii<ie<i 
with  it  in  the  popular  mind.  Much  of  the  credit  given  this  species  is  due  to  tl^ 
gramas,  which  in  age  especially  look  very  much  like  it.  On  the  other  hand,  tta 
species  is  an  important  one  throughout  its  range.  Upon  the  Plains  it  is  a  very  efticHi 
grass,  seldom  getting  over  2  to  4  inches  high,  but  in  southern  Texas,  where  c(Miditioiij 
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Fig.  1.— Bouteloua  Rothrockii  under  Protection  just  below  the  Northern 
Foothills  of  the  Santa  Rita  Mountains,  Ariz. 


Fia  2.— Bouteloua  Aristidoides  in  a  Favorable  Season  on  Desert  Mesas,  South 

OF  Tucson,  Ariz. 
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FiQ.  1 .— Andropoqon  Torreyanus  from  Seed  Sown  the  Previous  Season  above 
A  Low  Earthen  Dam,  Thrown  up  on  Desert  Mesas  Near  Tucson,  Ariz. 


FiQ.  2.— Native  Pasture  Lands  in  the  Foothills,  Fresno  County,  Cal.,  Showing 
Introduced  Brome-Gr asses  That  Are  Almost  Entirely  Weedy. 
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of  heat  and  moisture  are  more  favorable,  it  may  become  a  foot  hi^.  In  8|ute  of  this, 
however,  its  importance  upon  the  Plains  is  greater  than  in  southern  Texas,  for  two 
leasoos.  Upon  the  Plains  it  dry-cures  and  furnishes  excellent  winter  grazing.  In 
south  Texas  the  rainfall  is  more  irregular,  making  the  use  of  dry-grass  pasture  of 
Ehorter  duratum  and  much  less  importance.  There  is  probably  very  little  difference 
in  the  value  of  this  species  and  BauUloua  gracilis  for  dry  grazing. 

No.  9315  was  collected  near  Bellevue,  Tex.,  June  26,  1906.  The  sample  consisted 
of  the  staminate  plant  mostly  and  was  cut  close  to  the  ground.  It  was  a  little  out 
of  blossom. 


Penent- 

•geof 

molstiiie. 

Water-free  basis  (per  oeat). 

MitcrklaittlTsed. 

AalL 

Etber 
extract. 

Crude 
fiber. 

NltrogeD- 

free 
extract. 

PloteJn. 

Peoto- 
aazM. 

Onr  ample  No.  9S15 

e.18 

ia2S 
ia66 

1.2S 

a.ao 

25.74 
2S.22 

57.06 
54.35 

5.70 

7.62 

20.50 

ATcngeofOottiersi 

Avenge  of  all 

lasi 

2.11 

25.29 

54.74 

7.35 

I  OBsda  OBOtial  Experiment  Farm  Bnl.  19,  op.  28-29.  Colorado  Bid.  12,  p.  130.  North  Dakota  Report, 
19M,  ^  35.  Soutli  Dakota  Bui.  40,  p.  108.    Wyoming:  Bui.  76,  p.  28;  But  87,  p.  96. 

CALAMAGBOSnS  CANADENSIS  (Mfckz.)  Beaar. 

CakmagroBtis  canadensis  is  a  species  that  inhabits  moist  meadows  of  the  northern 
United  States.  It  has  some  differences  in  the  flond  structure  and  on  the  whole  is 
somewhat  less  stout  than  C.  langsdorfii.  It  is  more  erect,  but  of  approximately  equal 
feeding  value. 

No.  8863  was  coUected  at  Sunmiit,  Mont.,  August  15,  1907.  The  specimen  was 
cut  before  blosscnning  and  at  a  height  of  2  inches.  Its  percentage  of  moisture  was  5.44. 
Other  constituents  (on  a  water-free  basis)  were  as  foilows:  Asn,  6.92;  ether  extract, 
2.15;  crude  fiber,  34.92;  nitrogen-free  extract,  46.88;  protein,  9.13;  pentosans,  26.29. 

CALAMAGSOSnS  CANADENSIS  ACUMINATA  VaMjr. 

CoiamagrosHs  canadensis  acuminata^  the  familiar  purple-panicled  reed-grass,  has  a 
wide  range  of  distribution  in  the  United  States,  extending  from  Maine  to  California  and 
southward  to  North  Carolina.  It  is  one  of  the  most  important  of  the  mountain  grasses 
in  moist  cod  situations,  along  streams  and  lakes,  and  in  mountain  meadows.  It 
produces  a  fairly  good  quality  of  both  hay  and  pasture,  and  its  habit  of  growth  is  such 
as  to  well  adapt  it  to  being  cut  for  hay  in  places  where  it  is  sufficiently  abundant  for 
this  purpose. 

No.  8854  was  collected  at  Summit,  Mont.,  August  15,  1907.  The  specimen  was 
rather  inmiature  and  a  little  under  blossom.    It  was  cut  2  inches  high. 


Percent- 
ace  of 
mobture. 

Water-free  basis  (per  cent). 

Material  analyiad. 

Ash. 

Ether 
extract. 

Crade 
fiber. 

NitroKen- 

free 
extract. 

Protein. 

Pento- 
sans. 

GiluBBgraetis  canadensis: 
)4aiuBf>lf«i     

7.47 

2.86 

36.37 

45.71 

8.59 



CftluugrostiB  canadwwis  aco- 
mioata: 

Onr  sample  No.  8854. 

ATcnee  of  3  otbos  * 

6.98 

6.» 
9.44 

2.70 
2.57 

36.01 
34.44 

46.82 
45.02 

9.18 
8.53 

22.96 

ATHiflAof  the  4  samidcs  . 

8.65 
7.73 

2.61 
2.81 

34.50 
36.20 

45.48 
45,66 

8.09 
8.60 

Avenge  of  the  18  samples . 

'CooMctfcMt  Report,  1879,  p.  158.  Iowa:  Bol.  11,  p.  462;  Bol.  66,  p.  612.  Maine  Report,  1888,  p.  86; 
V»,  p.  38.  UassacbiMtts  R^xrt,  1885,  p.  97.  South  DakoU  Bui.  40,  p.  86.  Wyoming:  Bui.  70,  p.  21; 
Bol.  87,  p.  36. 

I  UontaDa  Report,  1902,  p.  66.    WyonUng:  Bui.  70,  p.  22;  Bol.  76,  p.  36. 
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CALAMAGBOSnS  MONTANENSIS 

Upon  the  prairies  of  the  Dakotas  and  eastern  Montana,  CalamagrosHs  morUanerma  is 
a  plant  of  low  stature,  inhabiting  high  prairies  entirely.  It  attains  a  maximum  height 
of  7  or  8  inches.  In  favorable  situations,  however,  it  may  be  IJ  feet  in  height  and  can 
contribute  very  decidedly  to  the  pasturage  of  the  region.  It  is  a  tough,  wiry  species, 
but  readily  grazed  by  all  kinds  of  live  stock.  It  never  forms  a  turf  or  anything 
approaching  a  complete  stand.  It  is  found  scattering  among  species  of  Agropyron, 
Bouteloua,  and  Sporobolus. 

No.  8818  was  collected  at  Devils  Lake,  N.  Dak.,  August  11,  1907.  The  specimen 
was  a  robust  one,  15  to  18  inches  high,  and  was  cut  close  to  the  ground.  It  was  over- 
mature, but  the  whole  plant  was  stall  in  a  green  condition,  with  the  exception  of  the 
lower  leaves.    The  seeds  were  very  badly  ergoted. 


Percent- 
ace  of 
mobture. 

Water-ftree  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  aamole  No.  8818 

6.21 

11.10 
10.01 

2.78 
1.90 

32.68 
33.08 

48.77 
40.09 

4.67 
5.83 

37. 5S 

One  other  sample  * 

Average  of  both 

10.55 

2.39 

32.88 

48.93 

5.26 

1  South  Dakota  Bui.  69,  p.  19. 

CALAMOVILFA  LONGfFOUA  (Hook.)  Hack. 

CaUxmovU/a  longifolia  (big  sand-grass)  is  a  species  conspicuous  in  sandy  r^ons 
from  British  Columbia  to  central  Arizona  and  eastward  to  Indiana.  It  is  especially 
at  home  upon  sandy  lands  of  the  Plains  regions  and  is  common  in  many  situationB  in 
northern  Arizona.  Its  rapid  spread  by  running  rootstocks  renders  it  of  some  value 
in  holding  sands  and  makes  it  quite  a  persistent  grass  for  sandy  regions.  It  is  coarse 
and  harsh;  consequently,  it  is  not  relished  by  stock  while  finer  feeds  are  available. 
In  portions  of  western  Nebraska  and  the  Dakotas  it  forms  a  large  part  of  the  winter 
grazing,  and  on  this  account  is,  of  course,  very  important.  When  cut  in  season  it 
makes  a  fair  quality  of  coarse  hay. 

No.  8828  was  collected  at  Williston,  N.  Dak.,  August  11, 1907.    The  specimen 
in  late  blossom  and  was  cut  at  the  surface  of  the  ground. 


Percent- 
age of 
moisture. 

Water-ftee  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8828 

6.79 

4.80 
6.93 

2.08 
1.73 

37.64 
40.24 

60.18 
44.79 

5.30 
6.31 

25  18 

Average  of  3  others  * 

Average  of  all 

6.39 

1.82 

39.59 

46.14 

6.06 

1  Montana  Report,  1902,  p.  66;  South  Dakota  Bui.  40,  p.  88;  Wyoming  Bui.  87,  p.  38. 

CHAETOCHLOA  GRIESBACHn  (Foani.)  Scribn. 

Chaetochloa  grieshachii  is  an  upright,  smooth,  rank,  perennial  native  millet,  difitri- 
buted  from  Texas  to  Arizona.  It  is  especially  abundant  upon  dry,  sandy  situations 
in  southern  Texas.  While  frequent  in  southern  Arizona,  it  is  not  of  nearly  as  much 
importance.  It  is  an  important  grass  in  Texas,  furnishing  a  large  amount  of  palatable 
grazing.    Nothing  is  known  of  it  as  a  hay  grass. 

No.  8384  was  collected  at  Encinal,  Tex.,  August  12,  1906.  The  sample  repreeents 
the  plant  when  fully  matured,  but  before  any  of  the  seed  had  fallen.  It  was  cut  about 
2  inches  high.  Ite  percentage  of  moisture  was  10.58.  Other  constituents  (on  a  water- 
free  basis)  were  at  follows:  Ash,  11.58;  ether  extract,  1.70;  crude  fiber,  11.49;  nitrogen- 
free  extract,  65.51;  protein,  9.72;  pentosans,  22.05. 
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CHAEIOCHLOA  VBMTICILLATA  (L.)  i 

ChadodUoa  verUciUata  (foxtail)  is  a  common,  introduced  weed  in  waste  places  and 
cnhiTated  fields  in  many  parts  of  the  United  States.  It  often  furnishes  some  grazing 
and  is  sometimes  included  with  hay. 

No.  8792  was  collected  near  Fargo,  N.  Dak.,  August  8,  1907.  The  sample  was  in 
late  blossom  and  cut  close  to  the  surface  of  the  ground. 


Pcraot- 

aseof 

mofefcim. 

Water-frM  baafa  (p«r  cent). 

lUtarM  analyzed. 

AalL 

EttMT 

axtiaot. 

Crude 
fiber. 

Nttropo- 

Iree 
extract 

Protein. 

Pento- 
aaoa. 

Our  taiiq[rfe  No.  8792 

7.47 

11.96 
13.43 

2.38 
2.32 

30.40 
8S.15 

41.86 
31.91 

13.38 
17.19 

24.27 

Odc  oUmt  flamplo**       

A,T«iiK»ofb9th        

12.70 

2.36 

82.n 

36.89 

16.29 

1  South  Dakota  BuL  40,  p.  41. 
CHLOBI8  CUCULLATA 


Chhrig  eucuUata  is  distinctly  a  sandy-land  perennial,  extending  from  Texas  north- 
eastward. It  is  a  valuable  species,  producing  a  large  quantity  of  root  leaves  of  good 
fonge  value. 

No.  8401  was  collected  near  Green,  Tex.^  August  14,  1906.  The  sample  represents 
the  plant  in  a  state  of  overmaturity,  two-thirds  of  the  seed  having  shattered,  the  culms 
being  nearly  all  dead.  The  root  leaves,  however,  were  all  green.  It  was  cut  close 
to  the  surface  of  the  ^und .  Its  percentage  of  moisture  was  6.11.  Other  constituents 
(oD  a  water-free  basis)  were  as  follows:  Ash,  12.37;  ether  extract,  1.89;  crude  fiber, 
29.12;  nitiogen-hree  extract,  45.77;  protein,  10.85;  pentosans,  23.81. 

CBiX>mS  ELBGANS  H.  B.  K. 

ChJoru  eUgans  is  an  annual  plant  growing  1  or  2  feet  high,  depending  upon  the  situa- 
tion  in  which  it  develops.  It  is  a  grass  of  great  importance  throughout  the  Southwest, 
oftentimes  taking  up  spaces  which  were  foUnerly  occupied  by  perennials  and  making 
considerable  of  a  volunteer  crop  of  good  pasture  or  hay  in  neglected  places  and  along 
irrigated  fields.  It  produces  an  abundance  of  fertile  seed  and  is  consequently  easily 
established  idienever  the  season  is  sufficiently  moist,  often  upon  lands  which  were 
fonnerly  stocked  with  perennials  that  have  been  largely  killed  out  by  overstocking. 
In  scone  situations  the  six-weeks  grama  and  an  annual  species  of  Aristida  occupy  such 
areas.  In  other  places  this  grass  goes  in.  Quite  frequently,  in  portions  of  the  Sulphur 
Spring  Valley  in  Arizona,  over  limited  areas  in  favorable  situations,  1}  tons  of  hay 
to  the  acre  of  this  grass  may  be  cut.  It  adapts  itself  well  to  cultivation  and  were  it  not 
for  the  awns  upon  the  seeds  it  would  be  much  more  promising  for  domestication.  Of 
cotuse,  it  does  not  cure  up  as  well  when  drought  strikes  it  as  the  perennial  gramas. 
(PI.  V,  fig.  2.) 

No.  8578  was  collected  at  Green,  Tex.,  September  24,  1906.  The  sample  represents 
a  very  rwik  growth  of  the  species  in  early  maturity.    It  was  cut  close  to  the  ground . 


Perotfit- 
ageof 

Water-frM  basfa  (per  cent). 

Material  aTwlysed. 

Anh. 

Ethff 
axtract. 

Crude 
fiber. 

NUngeo- 

free 
extract. 

Protein. 

Pento- 
sans. 

Onr  nmple  No.  8578 

4.22 

13.13 
12.73 

2.18 
1.74 

27.99 
36.39 

45.34 
39.53 

11.36 
9.61 

24.59 

OiMfAh«innniplfl  i      

ATQCB^OfbOth 

12.03 

1.96 

82.19 

42.44 

10.48 

1  Ariscma  Report,  1902-3,  p.  349. 
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CXXITBA  PAPPOPHOBOIDES  Kuth. 

CotUa  pappophoroides  is  a  handsome  species,  growing  in  bunches  of  moderate  size, 
12  to  18  inches  high,  from  western  Texas  to  Arizona.  It  is  not  abundant  enou^  to  be 
seriously  considered,  except  as  a  filler  which  adds  an  occasional  palatable  morsel  in 
the  general  forage  supply.  At  the  present  time  it  is  much  nK>re  abundant  where  pro- 
tected by  shrubbery  than  elsewhere,  owing  probably  to  the  fact  that  it  has  been 
laigely  Idlled  out  by  oveigrazing. 

No.  9617  was  collected  in  the  Santa  Rita  Mountains,  Ariz.,  September  22,  1908. 
The  sample  was  nearly  mature  and  was  cut  1^  inches  high.  Its  percenta^  of  moiBtore 
was  2.54.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  5.90;  ether 
extract,  1.66;  crude  fiber,  33.21;  nitrogen-free  extract,  51.76;  protein,  7.47;  pentosans, 
20.17. 

DESCHAMPSIA  CAESPITOSA  (L.)  Btmnw, 

Deschampsia  caespUosa  (tussock  grass)  is  common  in  the  wet  meadows  of  all  the 
Northern  States,  and  extends  in  the  mountainous  r^ions  even  into  central  California 
and  northern  Arizona.  While  producing  tussocky  formations  in  some  of  the  North- 
eastern States,  its  habit  is  usually  very  different  in  the  western  moist  mountain  r^ona. 
There  tussocks  are  seldom  formed,  the  grass  growing  scatteringly  among  other  species 
with  no  semblance  of  tussock  formation.  It  is  a  handsome  silvery-topped  species, 
which  enters  very  largely  into  the  composition  of  both  hay  and  pasture  meadows.  Its 
quality  is  good,  and  it  is  relished  by  stock. 

No.  8859  was  collected  at  Siunmit,  Mont.,  August  15, 1907.  The  sample  was  in  bloe- 
som  and  was  cut  3  inches  high. 


Percent- 
age of 
molstare. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  88W. 

7.70 

7.20 
7.30 

1.67 
1.56 

32.31 
36.13 

52.63 
47.31 

6.10 
7.81 

25.57 

Average  of  9  others  1 

Averageof  ftll-r.r 

7.21 

1.57 

35.75 

47.84 

7.63 

1  Canada  Central  Experiment  Farm  Bui.  19,  pp.  28,  33.    Colorado  Bui.  12,  p.  72.    Wyoming:  BoL  65, 
p.  34;  BuL  70,  pp.  64,  67;  Bui.  87,  p.  44. 

DISnCHUS  SPICATA  L.  Greene. 

In  some  portions  of  the  country,  Distichlis  spicata  (salt-grase)  is  considered  of  no  value 
as  a  forage  plant.  However,  upon  laige  areas  of  alkaline  soils  throughout  the  arid  West 
it  is  the  principal  grass  and  furnishes  continuous  pasturage  to  thousands  of  stock  through 
the  entire  summer  season.  It  is  true  that  it  is  a  tough,  wiry  species,  but  cattle  eat  it 
readily  and  apparently  thrive  where  they  have  no  other  feed.  It  is  also  grazed  in  the 
dry  condition,  that  is,  after  it  is  dry-cured  upon  the  ground.  What  its  value  is  in  this 
condition,  as  compared  with  other  grasses  which  mature  in  the  same  way  upon  the 
western  prairies,  no  one  has  investigated.  In  spite  of  the  fact  that  it  is  often  tabooed 
as  of  no  value  it  must  be  considered  as  one  of  the  important  native  grasses  of  the  arid 
West,  and  especially  is  it  important,  since  it  often  inhabits  soils  upon  which  very  few 
other  plants  would  live.  This  is  one  of  several  species  of  grass  which  has  been  noted 
in  recent  years  as  secreting  a  gunmiy  acid  substance.  This  is  very  noticeable  in  some 
situations  in  the  arid  West,  and  it  is  so  abundant  as  to  gxim  the  clothing  of  a  person 
walking  through  it. 

No.  8725a  was  collected  near  Tampa,  Fla.,  June  12,  1907.  The  sample  was  in  full 
blossom  and  was  cut  at  the  surface  of  the  water  in  which  it  grew,  about  3  inches  above 
the  ground. 
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Percent- 
ace  of 
moisture. 

Water-free  iMsfe  (per  eent). 

Material  analyied. 

AalL 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract 

Protein. 

Pento- 
sans. 

We^»ii  samples: 

Our  ample  No.  8725a 

Avenge  of  7  others  1 

4.27 

7.«0 
11.10 

1.43 
2.3S 

81.66 
28.00 

51.71 
40.18 

7.60 
8.78 

28.12 

Aven^  of  8  samplen 

10.66 

2.15 

29.06 

40.50 

8.63 



Eagtenittmples! 

Avw^of3sn^mples*x    .... 

8.61 

2.61 

27.33 

54.07 

7.88 

Avenge  of  11  eastern  and 
western  nmples 

10.11 

2.27 

28.50 

50.74 

8.29 

iColondo  BaL  12,  p.  105.    Montana  Report,  1902,  p.  66.    New  Mexico  Bui.  17,  p.  86. 
BdI.  40,  p.  118.    Washington  Bui.  72,  p.  15.    Wyoming:  Bui,  76,  p.  38;  Bui.  87,  p.  45. 
•  Hatch  Station  Report,  1903,  pp.  15, 87;  Connecticut  Report,  1889,  p.  244. 


South  Dakota 


BCHINOCHLOA  COLONA  Uak. 

EeMnocMoa  eoUma  is  a  common  weedy  epeciee  introduced  throughout  the  warmer 
sections  of  this  country,  but  it  reaches  its  beet  development  in  the  irrigated  South- 
west, where  it  often  enters  in  an  important  way  into  the  composition  of  both  hay  and 
pasturage.    It  is  a  smaller  plant  and  produces  a  much  finer  feed  than  the  coarse 

barnyard  grass. 

No.  8567  was  collected  near  Phoenix,  Ariz.,  September  24,  1906.  The  sample 
represented  the  plant  in  early  maturity.  Its  percentage  of  moisture  was  4.16.  Otner 
constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  15.33;  ether  extract,  1.92; 
crude  fiber,  30.84;  nitrogen-free  extract,  44.08;  protein,  7.83;  pentosans,  20.51. 

ECHINOCHLOA  CRUS-GALU  (L.)  Beaav.  (JPaiUt^m  cnu-^aOC). 

EekiTuxMoa  crus-gaUi  (barnyard  grass,  or  barnyard  millet)  is  an  introduced  weed 
common  throughout  the  country.  It  furnishes  considerable  quite  palatable  grazing 
in  waste  places,  and  in  moist,  rich,  loose,  soils  it  commonly  forms  an  important  ingre- 
dient of  hay.  In  some  sections  of  the  irrigated  West,  where  water  is  used  injudi- 
ciously upon  newly  planted  alfalfa  and  other  forage  crops,  this  grass  volunteers  for 
several  years  to  the  detriment  of  the  crop  seeded.  Often  it  persists  to  some  extent 
continuously.  The  hay  produced  by  it,  if  cut  in  season,  is  of  very  fair  quality, 
althou^  rather  light.  In  exceptional  cases,  where  conditions  are  proper,  it  has  been 
known  to  make  a  yield  of  1)  or  2  tons  to  the  acre.    (PI.  VIII,  ^.  2.) 

No.  8396  was  collected  near  Green,  Tex.,  Aufifust  14,  1906.  The  sample  was  a 
robust  form  growing  in  waste  places.  It  was  fully  4  feet  high.  The  plants  were 
considerably  under  maturity  and  were  cut  about  4  inches  above  the  ground. 


Peroeot- 

ageof 

moisture. 

Water-free  basis  (per  cent). 

Mat«rial  analyzed 

Ash. 

Ether 
extract. 

Crude 
liber. 

Nitrogen- 
free 
extract 

Protein. 

Pento- 
sans. 

<>ar  sample  No.  8396 

5.15 

15.06 
0.79 

2.28 
2.28 

87.86 
80.85 

36.30 
47.49 

8.50 
9  59 

19.41 

Avcfia  of  29  others!       

Average  of  all 

9.96 

2.28 

31.08 

47.12 

9.56 



- 17,  P.  36.    South  Dakota:  Bui.  ^,  p.  38;  Bui!  69,  p.  21.    Storrs 'ileport,  1896,  p. "280.    U.  S.  Depart- 
^of  Agricolture  Report  No.  32,  ISM,  p.  125.    Vermont  Report,  1893,  p.  115;  1895,  p.  195;  1806-7,  p.  188. 
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ELTMirS  CANADENSIS  L. 

Elymus  canadensis  is  a  familiar  drooping,  awned  rye-grass  which,  like  B.  con- 
denaatuSf  has  a  very  wide  distribution  and  is  an  important  forage  plant,  especially 
throughout  the  Plains  region.  It  inhabits  commonly  the  moist  situations  of  the  river 
valleys,  where  it  forms  an  important  ingredient  in  both  hay  and  pasture  meadows. 
In  pastures  it  is  relished  only  while  yoimg,  and  to  make  the  best  quality  of  hay  it 
must  be  cut  before  it  is  woody.  Its  general  habits  are  favorable  for  cultivation. 
Its  seeds  are  abundantly  produced,  but  the  long,  persistent  awns  would  be  difficult 
to  thrash  out.    It  is,  at  best,  a  rather  hard,  coarse  grass  for  either  pasture  or  hay. 

No.  8801  Was  collected  near  Fargo,  N.  Dak.,  August  10,  1907. 


Percent- 
age of 
moistnre. 

Water-ftree  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

()ur  sample  Na  8801 

6.01 

9.28 
8.81 

2.28 
2.22 

81.94 
84.77 

48.95 
45.97 

7.56 
8.28 

34.61 

Average  of  10  oth^^rs  * 

Average  of  all 

8.85 

2.23 

84.51 

46.24 

8.17 

1  Canada  Central  Exi)eriinent  Farm  BuL  19,  p.  32;  Colorado  Bui.  12,  p.  58;  Iowa  BuL  11,  p.  407;  Montana 
Report,  1902,  p.  66;  South  Dakota  Bui.  40.  p.  158;  Tennessee  Bui.  3,  voL  9,  p.  Ill;  U.  8.  Departmoit  of 
Agriculture  Report  No.  32,  1884,  p.  128;  Wyoming  Bui.  87,  p.  48. 

ELYMUS  CONDENSATUS  Pred. 

Elymus  condensatus  is  the  giant  rye-grass  which  extends  from  Montana  to  Arizona 
and  has  a  very  wide  altitudinal  distribution.    Like  many  other  species  it  has  two 
distinct  habits  of  growth.    In  some  situations  it  grows  in  scattered,  large  bunches, 
often  7  or  8  feet  high.    In  other  places  it  is  scattered  uniformly  over  the  area  in  wliidi 
it  grows  and  frequently  makes  almost  a  complete  stand.    It  is  a  very  coarse,  rank, 
smooth  species,  which,  if  used  for  hay,  must  be  cut  before  it  gets  too  woody.     Like 
many  other  species,  the  estimate  placed  upon  it  varies  with  the  locality  in  ^vdiich 
it  is  found  and  with  the  general  quality  of  the  feed  of  that  locality.    In  portions  of 
Montana  and  Wyoming  it  is  pronounced  absolutely  worthless,  and  while  it  is  not 
used  nearly  so  widely  in  those  States  as  it  is  in  the  Great  Basin,  where  extensive 
areas  of  it  are  cut  for  hay,  it  is,  nevertheless,  usually  considered  of  very  good  quality. 
Its  seed  habits  are  very  good,  and  it  is  quite  probable  that  something  could  be  made 
of  it  under  cultivation.    It  ergots  very  badly,  however,  and  sometimes  deleterious 
effects  upon  stock  are  said  to  be  produced  on  this  account.    Horses  running  in  pas- 
tures of  it  are  very  partial  to  the  ripe  seeds.    It  is  a  common  thing  to  see  them  graze 
off  the  heads  and  pay  little  attention  to  any  other  feed  when  the  plant  is  mature. 
These  heads  are  commonly  6  inches  in  length  and  are  almost  a  solid  mass  of  seeds, 
which,  of  course,  are  practically  the  same  as  grain.    (PI.  VI,  fig.  2.) 

No.  8830  was  collected  near  Havre,  Mont.,  August  13.  1907.  The  sample  was  ma- 
ture,  but  was  all  green  with  the  exception  of  the  heaa.  It  was  harvested  about  4 
inches  high. 


Percentr 

age  of 

moisture. 

Water-fTee  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 

tree 
extract 

Protein. 

PeatK>. 

Our  sample  No.  8830 

8.29 

6.41 
8.34 

2.40 
2.91 

34.96 
38.48 

48.40 
40.31 

7.84 
9.96 

25.  4£ 

Average  of  all 

7.96 

2.81 

37.77 

41.93 

9.63 

I  Montana  Report,  1902,  p.  66.    Nevada  BuL  62,  p.  28.    Wyoming:  BuL  70,  p.  38;  Bui.  87,  p.  SQ^ 
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BLTMUS  GLAIJCUS 

Ebftnia  glaucus  is  a  species  of  rye-grass,  common  and  important,  especially  in  the 
edges  of  open  mountain  meadows  and  among  shrubbery,  from  Michigan  to  California. 
ItB  habit  of  growth  depends  upon  the  environment.  It  is  always  a  comparatively  tall, 
coarae  grass,  with  a  fairly  good  leafage.  In  some  situations  it  may  grow  scatteringly 
among  species  of  Poa,  I]^thonia,  etc.  In  other  situations  it  has  been  seen  fully  6 
feet  hi^  growing  in  large  clumps.  It  is  seldom  that  it  makes  a  pure  growth.  The 
seed  is  produced  in  abundance,  and  it  is  usually  of  very  good  quality,  but  the  awns  are 
a  drawback.  In  the  locality  in  which  one  of  the  specimens  was  collected  it  is  com- 
monly very  badly  attacked  by  smut  (Tilletia).  This,  however,  has  not  been  observed 
elaewh^e. 

No.  8851  was  collected  near  Summit,  Mont.,  Auj^ust  15,  1907.  The  seed  was  in  the 
milk  stage  and  this  sample  was  cut  2  inches  nigh.  No.  8893  was  collected  near 
Albany,  Greg.,  August  25,  1907.  In  this  sample  the  upper  portion  of  the  culm  and 
many  of  the  leaves  were  dead  and  dry.  The  specimens  were  6  feet  high  and  were 
cut  6  inches  above  the  ground. 


Peroent- 

aeeof 

molstore. 

Water-free  basis  (per  oent). 

Material  analyud. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogeo- 

free 
extract. 

Protein. 

PeDto- 
sans. 

Out  sample  No.  8851 

7.60 
4.17 

4.50 
8.47 
0.61 

2.16 
1.07 
2.70 

32.50 
85.22 
36.36 

63.18 
5a  80 
43.62 

7.48 
8.46 
7.62 

23.70 

Oar  sample  No.  8803 

21  60 

OvM  othir  of^mple  * 

7.66 

2.31 

34.72 

40.23 

6.18 

1  Montana  Report,  1002,  p.  66. 


BLYMUS  TRinCOIDBS  BacU. 


Ehfmus  triHeoides  resembles  in  many  ways  the  Colorado  blueetem.  It  has  under- 
ground stems  and  very  similar  seed  habits  and  appearance,  although  placed  by  bota- 
nists in  a  different  genus.  It  prefers  to  grow  in  alluvial,  nonsaline  edges  of  sinks  and 
along  river  courses.  It  reaches  its  best  development  in  the  Great  Basin  and  is  of  less 
importance  in  the  interior  valleys  of  California.  It  is  an  excellent  hay  grass,  often 
cnttmg  two  tons  of  hay  of  good  quality,  which  resembles  that  of  the  Colorado  bluestem, 
but,  unlike  that  grass,  this  species  grows  where  the  lands  overflow  once  or  twice  in  a 
season.  There  is  no  more  promising  grass  for  domestication,  as  the  seed  habits  are 
excellent  and  both  the  quality  and  the  quantity  of  seed  produced  are  first  class. 

No.  8322  was  collected  near  Bakersfield,  Cal.,  May  27,  1906.  The  sample  was  in  full 
blossom  and  was  harvested  about  2  inches  high.  Its  percentage  of  moisture  was  6.72. 
Other  constituents  (on  a  water-free  basis)  Were  as  follows:  Ash,  6.33;  ether  extract, 
1.87;  crude  fiber,  39.55;  nitrogen-free  extract,  46.32;  protein,  5.83;  pentosans,  25.61. 

ELYMUS  VIBGINICUS  L. 

Elymus  virginicus  is  a  species  of  wild  rye,  widely  distributed  throughout  the  United 
States.  It  never  becomes  important  except  in  moist  woodlands  and  in  nonalkaline 
sitaatbns  along  river  banks.  In  such  situations  patches  of  small  extent  are  commonly 
found  growing  to  the  exclusion  of  practically  everything  else.  In  the  natural  condi- 
tion, however,  it  is  of  secondary  importance  on  account  of  the  limited  areas  in  which 
it  grows.  It  produces  a  good  leafage,  its  seed  habits  are  first  class,  and  it  is  well 
adapted  to  cultivation.  Like  nearly  all  of  the  rye-grasses,  it  is  somewhat  coarse,  but 
not  so  coarse  as  many  of  the  species. 

No.  8794  was  collected  near  Farco,  N.  Dak.,  August  8,  1907.  The  specimen  was  in 
late  blossom  and  was  cut  close  to  ue  ground. 
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Peroent- 

aeeof 

xnottture. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Afdi. 

Ether 
extract. 

Crude 
fiber. 

Kitrogeo- 

free 
extxBct 

Protein. 

Pento- 
aana. 

Our  sample  No.  8794 » 

6w40 

11.10 
7.16 

2.55 
2.89 

28.08 
32.37 

46.62 
48.97 

1L75 
8.62 

20.52 

Average  of  8  others  

Average  of  all 

7.60 

2.85 

8L89 

48.71 

8.06 

I  Canada  Central  Experiment  Farm  Bui.  10,  p.  28;  Connecticut  Report,  1889,  p.  246;  Iowa  BuL  56,  p.  498; 
Mississippi  Report,  1896,  p.  91;  South  Dakota  Bui.  40,  p.  157. 

ESAGBOSnS  LUGENS  Neee. 

Eragroatis  lugens  is  a  tall,  hard,  perennial  species,  strictly  a  filler  only  and  of 
secondary  quality.  It  occurs  mostly  on  rocky,  exposed  situations  and  produces  feed 
that  remains  green  quite  late  in  the  season.  It  is  not  eaten  until  other  more  palatable 
feed  has  been  used. 

No.  7091  (E.  O.  W.)  was  collected  in  the  San  Andreas  Mountains  near  Las  Graces, 
N.  Mex.,  October  6,  1912.  Its  percentage  of  moisture  was  5.79.  Other  constituents 
(on  a  water-free  basis)  were  as  follows:  Ash,  9.03;  ether  extract,  1.77;  crude  fiber, 
32.58;  nitrogen-free  extract,  49.82;  protein,  6.80;  pentosans,  25.46. 

ESAGBOSnS  SECUNDIFLOBA  Pred. 

Eragrostis  secundiflora  is  distinctively  a  sand-grass,  being  characteristic  of  dry, 
sandy  areas  from  Florida  to  the  Pacific  coast.  While  extensively  grazed,  it  is  not  of 
first  quality,  either  in  abundance  or  palatability.  It  is  wiry  in  its  nature  and  rejected 
by  live  stock  until  more  palatable  feeds  fail. 

No.  8390  was  collected  at  Encinal.  Tex.,  August  12,  1906.  The  sample  was  a  little 
underripe,  but  contained  considerable  old  aead  leaves,  although  nothing  was  includ^ 
but  this  year's  growth .  It  was  cut  off  about  half  an  inch  above  the  ground .  Its  per- 
centage of  moisture  was  5.87.  Other  constituents  (on  a  water-fr^  basis)  were  as 
follows:  Ash,  15.15;  ether  extract,  2.12;  crude  fiber,  30.39;  nitrpgen-free  extract, 
45.70;  protein,  6.64;  pentosans,  23.96. 

ESAGBOSTIS  SPICATA  Yuey. 

Eragrostis  spicata  is  a  tall,  conspicuous  grass,  not  abundant  enough  in  the  United 
States  to  be  seriously  considered  as  a  native  forage.  It  is  a  hard,  rank  species,  not 
particularly  relished  by  stock,  although  grazed  in  close  pastures. 

No.  8402  was  collected  at  Green,  Tex.,  August  14, 1906.  The  seed  was  ripe,  but  not 
fallen,  and  all  herbage  was  green  and  fresh .  It  was  cut  4  inches  hij^.  Its  p^entage 
of  moisture  was  10.30.  Other  constituents  (on  a  water-free  basis)  were  as  follows: 
Ash,  8.77;  ether  extract,  1.20;  crude  fiber,  36.31;  nitrogen-free  extract,  47.44;  pro- 
tein, 6.28;  pentosans,  23.28. 

•    EBIOCOMA  CUSPIDATA  NiUt.1 

Eriocoma  cuspidata  (Indian  millet)  is  a  grass  peculiarly  adapted  to  the  loose, 
sandy  soils  of  the  arid  West.  Although  not  particularly  confined  to  such  situmtioDs, 
it  is  here  that  it  reaches  its  most  striking  development.  It  is  distinctively  a  blanch 
grass,  growing  soatteringly  and  often  in  very  large  bunches  in  the  most  sterile  of  soils, 
often  upon  unstable  sands.  It  is  a  highly  prized  and  valuable  species,  the  only 
objection  to  it  being  that  it  does  not  grow  abundantly  enough.  Nowhere  is  it  found 
forming  anything  like  a  ground  cover.  Sometimes  in  the  edges  of  cultivated  fields, 
upon  railroad  embankments,  beside  roadways,  and  in  other  situations  where  the 
ground  is  loosened  up,  its  growth  is  very  much  facilitated.  It  is  not  a  graas  that 
bears  grazing  very  well,  being  easily  pulled  up  by  the  roots  or  tramped  out  by  stock. 

No.  8340  was  collected  near  Ashfork,  Ariz.,  May  30,  1906.  This  sample  represents 
the  plant  in  early  maturity.    This  is  true,  however,  of  not  over  half  of  the  plants, 

>  More  recently  written  Oryzopsis  hrmenoidet  (R.  and  8.)  Ricker. 
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FlQ.  1.— MUHLENBERQIA  EMERSLEYI  IN  THE  MOUNTAINS  OF  SOUTHERN  ARIZONA. 


Fia  2.— Elymus  Condensatus  Cut  for  Hay  in  Northern  Nevada. 
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moet  of  them  being  still  green.  They  wore  harvested  2  to  2}  inches  hiij^,  and  all  dead 
herbage  was  excluded.  No.  8834  was  collected  near  Havre,  Mont..  August  13,  1907. 
This  sample  was  cut  2  inches  hi^  and  consisted  of  lai^  mature  plants  growing  in  a 
iavored  locality  where  they  had  received  some  cultivation. 


Peroent- 

aeeof 

moiBtore. 

Water-free  back  (per  eent). 

Material  analysed. 

Aeh. 

Ether 
extract 

CriKie 
fiber. 

Nltroceo- 

free 
extract 

Protein. 

Peoto- 
•ana. 

Our  sample  No.  SMO 

8.72 
fi.51 

14.73 
4.47 
7.76 

1.31 
2.35 
3.31 

32. 2S 
36.52 
31.60 

45.16 
52.66 
48.17 

6.56 
4.00 
10.07 

lO.flO 

OursMiipleNo.8834 

30.08 

Av«ageof9otbeni 

Avenge  of  aO 

a.  00 

2.22 

32.19 

48.30 

9.20 



Cdondo  BnL  13,  p.  02.    Montana  Repmt,  1902,  p.  66.    Nevada:  Bol.  62,  p.  19;  BuL  66,  p.  46.    Wyo- 
-  BnL  66,  p.  18;  Bui.  76,  p.  11, 40;  Bui.  87,  p.  50. 


FBSrrUCA  ON^nNIS  Vaaey  (FettueakiMU)' 

Fettuea  confinis  is  a  diaracteristic  and  valuable  species  of  fescue  of  the  Rocky  Moun- 
tain and  Sierra  Nevada  regions.  It  seldom,  if  ever,  makes  pure  growths  over  any 
extended  areas,  but,  on  the  other  hand,  grows  in  large  bunches  scattered  among  other 
Bpedes  of  Feetuca  and  Agropyron.  It  is  a  rather  coarse  grass— indeed,  one  of  the 
coaisest  of  the  genus— of  about  the  same  texture  and  stature  as  the  common  cultivated 
English  bluegraas.  It  is  readily  grazed  and  constitutes  a  valuable  adjunct  of  the 
pasturage,  especially  of  the  Rocky  Mountain  region. 

No.  8849  was  collected  at  Summit,  Mont.,  August  15,  1907.  The  sample  was  cut  4 
inches  high  when  the  seed  was  in  stifif  dough.- 


Percent- 
age of 
mototure. 

Water-f^ee  basis  (per  cent). 

Material  analyxed. 

Aah. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 

free 
extnu^. 

Protein. 

Pento- 
aana. 

Our  sample  No.  8849 

6.51 

7.48 
6.13 

2.79 
2.80 

34.69 
36.81 

47.65 
45.91 

7.39 
8.35 

24.28 

Average  of  4  others  1 

Average  of  aU 

6.40 

2.79 

36.39 

46.26 

8.16 

» Nevada  Bui.  62,  p.  14.    Wyoming:  Bui.  70,  p.  40;  Bui.  87,  p.  51. 

FESTUCA  MEGALUSA  Natt. 

jPesfuea  meqaluraf  sometimes  called  squirreltail  fescue,  is  one  of  the  characteristic 
introduced  weedy  annuals  of  the  California  r^on  and  may  be  found  at  altitudes  of 
6,000  or  7,000  feet  in  the  mountains.  As  a  filler  in  the  native  pastures  it  is  of  some 
importance  early  in  the  season.  Like  all  other  annual  species  of  this  group,  it  pulls 
up  readily  by  the  roots  and  is  consequently  objectionable  to  stock.  After  the  seeds 
become  mature  it  is  not  relished,  and  it  never  gets  large  enough  to  be  cut  for  hay. 

Nq.  8700  was  collected  at  El  Toro,  Cal.,  April  16, 1907.  The  sample  was  in  blossom 
and  was  cut  off  at  the  surface  of  the  ground.  No.  7108  (Wooton)  was  collected  at 
Willows,  Cal.,  April  8,  1913.    Sometimes  known  here  as  poverty  grass. 


Percent- 
age of 
moisture. 

Wator-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8700..^. 

Our  sample  No.  7108  (E.  O.  W.) 

6.53 
5.00 

6.82 
5.66 

1.33 
2.01 

35.23 
27.12 

50.34 
56.66 

6.28 
8.55 

27.79 
24.84 

Average  of  both 

6.11 

6.23 

1.67 

31.17 

63.50 

7.42 

26.32 
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FESTUCA  OVINA  INGRATA  Hack. 

Throughout  the  entire  Rocky  Mountain  region,  from  the  San  Francisco  hi^lands 
in  Arizona  northward,  there  are  laige  numhers  of  cloeely  related  forms  of  fescue,  of 
which  Festuca  ovina  ingrata  may  he  considered  economically  typical.  In  the  southern- 
most portion  of  this  highland  region  they  grow  at  an  altitude  of  about  7,000  feet.  Far- 
ther north  they  come  down  to  the  4,000-foot  level  a  nd  may  spread  out  to  the  adjoining 
bare  foothills  and  mesas.  They  are  characteristic  grasses  of  bare  hills  and  mountain 
sides,  where  they  often  grow  to  the  exclusion  of  practically  everything  else.  They 
constitute  an  exceedingly  important  group  of  native  forage  plants  which  will  stand 
trampling  by  stock  very  well,  although  they  have  been  killed  in  many  sections  by 
excessive  stocking.  Some  very  closely  related  forms  are  now  in  cultivation,  and 
it  would  doubtless  be  a  comparatively  easy  matter  to  domesticate  some  of  the  forms 
whose  seed  habits  are  just  as  good  as  those  now  undet'  cultivation.  They  are  all 
popularly  known  as  sheep  fescue.    (PI.  VII,  fig.  1.) 

No.  8848  was  collected  at  Summit,  Mont.,  August  16, 1907^  The  seed  of  the  sample 
was  in  the  dough.    It  was  cut  close  to  the  ground. 


Percent- 
age of 
moisture. 

Waterfree  basis  (per  cent). 

ICaterial  analysed. 

Ash. 

Ether 
eictiact. 

Crude 
fiber. 

Nitrogen- 
free 
extract 

Protein. 

Pento- 
Sana. 

Our  sample  No.  8848 

5.11 

4.89 
7.72 

8.13 
1.04 

34.33 
37.30 

S2.12 
49.19 

6.53 
475 

att.<tB 

One  other  namnle  * 

Average  of  both 

8.30 

2.09 

36.81 

50.66 

6.14 

1  Washington  Bui.  82,  p.  11. 
HETEBOPOGON  CONTOSTUS 


Heteropogon  contortus,  a  heard-grass  with  long,  twisted,  dark-brown  to  black  awns^ 
is  very  characteristic  of  the  native  grass  flora  of  many  situations  from  central  Texas 
to  Arizona  and  southward  into  Mexico.  It  produces  a  quality  of  feed  very  similar  to 
that  of  some  of  the  larger  species  of  Androppgon.  On  the  whole,  it  is  probably  not 
grazed  so  extensively  as  those  species.  Some  sheep  growers  in  southern  Texas  espe- 
cially deplore  its  presence  on  account  of  the  injury  which  the  awns  do  in  working 
into  the  fleece  and  flesh  of  their  flocks.  Anyone  who  has  walked  throujgh  a  patch  of 
this  grass  when  mature  will  readily  recognize  the  injury  that  it  may  do  to  sheep. 
However,  cattle  in  southern  Arizona  graze  it  to  the  ground,  very  frequently.  In  some 
situations,  in  the  sandy  arid  mountains,  it  grows  thick  over  small  areas,  but  usually 
it  is  distinctively  a  bunch  grass,  growing  only  in  scattered  bunches  among  other 
vegetation. 

No.  8397  was  collected  at  Green,  Tex.,  August  14,  1906.  The  plants  were  in  early 
maturity  and  were  cut  about  3  inches  above  the  gix>und.  Many  of  the  lower  culm 
leaves  were  dead.  No.  9589  was  collected  in  the  foothills  of  the  Santa  Rita  Mountains, 
Ariz.,  September  16,  1908.  The  sample  was  duplicated  on  account  of  the  viacid, 
sweet,  gummy  secretion  which  appeared  upon  the  inflorescence  of  the  plants.  This 
is  a  very  common  phenomenon  in  this  section. 
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HILARU  CENGH90IDES  H.  B.  K. 

EUaria  cenduroides  (curly  mesquite)  is  one  of  the  characteristic  grasses  of  the  South- 
western Uuited  States  and  of  Mexico.  In  habit  it  simulates  very  closely  the  buffalo 
giaas  (Btdbilis  dau^tyloides),  spreading  by  slender,  creeping  rootstocks.  It  never  grows 
luge  enough  to  be  cut  for  hay,  but  is  a  very  important  pasture  grass  in  many  situ&- 
tioDs  from  Texas  to  Arizona.  It  seldom  attains  a  height  of  12  inches;  more  often  it  is 
only  about  6  inches  tall.  It  produces,  however,  an  abundance  of  root  leaves  and 
grows  whenever  the  rainfall  is  sufficient.  In  southern  Arizona  the  species  grows  only 
dorb^  the  lainy  season  of  simmier,  maturing  in  late  September.  In  many  situations 
west  of  central  Texas  there  are  large  areas  where  this  species  forms  the  main  pasturage. 

No.  9200  was  collected  at  San  Antonio,  Tex.,  April  18,  1908.  The  sample  was 
mature,  but  stiU  perfectly  green.  It  was  cut  close  to  the  fi;n)und;  hence  it  included 
the  root  leaves,  creeping  stocks,  and  upright  stems,  as  weU  as  a  few  old  dead  leaves. 
Its  percentage  of  moisture  was  8.16.  Other  constituents  (on  a  water-free  basis)  were 
ts  toUows:  Ash,  9.37;  ether  extract,  2.09;  crude  fiber,  24.51;  nitrogen-free  extract, 
55.26;  protein,  8.77;  pentosans,  21.13. 

HOLCDS  LANATUS  L.i 

Holais  lanahu  (velvet  grass),  like  many  other  aggressive  species,  has  many  warm 
friends,  and  it  has  bitter  enemies.  It  is  widely  introduced  throughout  the  United 
States  as  far  south  as  the  Oarolinas.  While  commonly  considered  to  produce  a  feed 
of  low  grade,  many  ranchers  in  the  Pacific  Northwest,  the  only  place  in  which  it  is 
abundant,  find  it  a  very  valuable  grass.  It  inhabits  moist  meadows  and  furnishes 
both  hay  and  pasturage  of  medium  quality. 

No.  8891  was  collected  near  Hood  River.  Oreg.,  August  23,  1907.  The  sample  was 
■katnre,  one-half  of  the  culm  dry,  but  the  leaves  were  all  green.  It  was  cut  3  inches 
high. 
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*»2,P.J 
.127,196; 


itiy  written  yothcHau  lanatua  (L.)  Nash. 
Central  Experiment  Farm  Bui.  19,  p.  28;  Kentucky  Report,  1902,  p.  302;  Louisiana  Bui.  19, 
>.  563;  lliSBissippi  Report,  1895,  p.  91;  U.  8.  Denartment  of  Agriculture  Report  No.  32,  1884, 
Virginia  BuL  180,  p.  96;  West  Virginia  Bui.  ^,  p.  36. 


HOMALACENGHBUS  OBTZOIDES  (L.)  PoU. 

Homalaeenchnu  oryzoides,  the  cut-grass  with  which  every  boy  is  disagreeably  ac- 
q[Qnnted,  is  commonly  pastured  by  cattle  along  streams  and  fresh- water  lakes  through- 
oat  its  range.    It  never  grows  abundantly  enough  or  pure  enough  to  enter  appreciably 
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HORDEUM  OUSSONBANUM  Pwl.  {mfrdeummarUimum  With.). 

Hordeum  gtissoneanum^  like  H.  juhatum^  is  an  introduced  weed,  but  it  inhabits 
lower,  moister  situations  and  is  not  so  abundant  and  widely  distributed  In  this  countiy. 
The  situations  in  which  it  is  found  are  mostly  low,  moist  places  where  water  stands  for 
a  portion  of  the  year,  thus  killing  out  other  plants.  Its  feeding  value  is  approximately 
the  same  as  H.  jubatum. 

No.  8319  was  collected  near  Stockton.  Cal.,  May  26, 1906.  The  sample  repreaentsthe 
plant  in  the  miUc  state.  It  was  cut  close  to  the  ground.  Its  percentage  of  moisture 
was  6.35.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  11.77 
ether  extract,  1.96;  crude  fiber,  33.02;  nitrogen-free  extract,  44.65;  protein,  8.00; 
pentosans,  26.19. 

HORDEUM  JUBATUM  L. 

Hordeum  jubatum  is  the  common  squirreltail  grass  which  inhabits  saline,  moist 
situations  as  far  west  as  the  valley  of  the  Little  Colorado  in  Arizona.  West  of  this  it 
gives  place  to  H.  mvHnum,  or  wall  barley,  discussed  elsewhere.  The  quality  of  the 
feed  produced  by  H,  jubatum  is  about  the  same  as  that  produced  by  the  other  species 
and  approximately  the  same  remarks  apply  to  it.  It  is  often  a  troublesome  weed  in 
meadows  in  situations  best  adapted  for  its  development.    (PI.  V,  fig.l.) 

No.  8356  was  collected  in  cultivated  irrigated  fields  and  meadows  on  the  bottoms 
along  the  Little  Colorado  River  near  Winslow,  Ariz.,  June  1,  1906.  Here  this  grass 
appears  to  gain  a  foothold  in  the  lower,  poorer  tilled  portions  of  alfalfa  fields  and 
jjadually  spreads  from  here  to  occupy  more  and  more  of  the  field.  The  sample  wis 
in  early  blossom  and  was  cut  IJ  inches  high.  No.  8799  was  collected  near  FaiKp, 
N.  Dak.,  August  10,  1907.  The  sample  was  somewhat  rusty  and  the  seed  neany 
ripe.    It  was  cut  close  to  the  ground. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Grade 
fiber. 

Nitrogen- 
free 
extract 

Protein. 

PentD- 

Our  sample  No  8356    

7.34 
6.21 

15.08 
12.11 
10.41 

1.96 
2.67 
3.56 

28.23 
32.49 
32.13 

47.36 
42.77 
41.99 

7.47 
9.96 
11.91 

12.00 

Our  sample  No.  8799 

2SwSS 

Average  of  13  others  ^ 

.     ••  ... 
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10.83 

3.39 

31.90 
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I  Ck)Iorado  Bui.  12,  p.  118.    Iowa:  Bui.  30,  p.  320;  Bui.  56,  p.  533.    Montana  Report,  1903,  p.  66.    SouUi 
Dakota  Bui.  40,  p.  156.    Wyoming:  Bui.  65,  p.  25;  Bui.  87,  p.  56. 

HORDEUM  MURINUM  L. 

Hordeum  murinum  ia  a  very  persistent  and  pernicious  annual  weed,  introduced  from 
the  Mediterranean  region.    It  grows  in  the  most  favorable  places  on  uplands,  as  \rell 
as  lowlands,  throughout  Oalifomia  and  extends  eastward  into  Arizona.    In  Oalifonii& 
it  has  found  congenial  conditions  upon  uncultivated  lands.    In  Arizona,  however, 
where  conditions  are  less  favorable,  it  inhabits  cultivated  and  irrigated  areas,  beixig 
especially  troublesome  in  alfalfa  fields.    On  this  account,  it  is  a  common  practice  of 
the  renter  to  require  that  the  first  crop  of  alfalfa  be  cut,  in  order  to  get  rid  of  as  dolticIi 
as  possible  of  this  weed.    While  it  may  be  classed  among  the  weeds,  it  nevertlielesci 
furnishes  a  large  amount  of  q  uite  valuable  forage.    It  is  readily  grazed  up  to  the  time 
that  it  heads  out;  after  that  time  the  awns  are  very  annoying  to  stock.    When  it  ocoxu^ 
in  hay,  these  work  in  between  the  teeth  of  horses  and  cattle  and  often  cause  coiisi<ler~ 
able  inj  ury .    Reports  show  that  there  is  a  way  to  feed  it  successfully ,  however.    Soixie 
have  chopped  it  up  with  a  hay  cutter  and  moistened  it  for  12  or  24  hours,  whetx  ^tlie 
awns  are  so  softened  that  they  produce  no  deleterious  effects.    Pasture  meado^^v^a 
having  very  much  of  this  grass  in  them  should  be  mowed  about  the  time  that  it  1 
to  head  out,  thus  getting  rid  of  the  awns  and  sharp  fruit. 
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No.  830O  was  collected  near  Banning  Cal.,  May  15,  1906.  The  sample  was  in  early 
Btttohty  and  was  harvested  1  inch  above  the  ground.  Its  percentage  of  moisture 
wse  6.70.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  6.86; 
ether  extract,  2;  crude  fiber,  35.99;  nitrogen-free  extract,  47.72;  protein,  7.43;  pen- 
tosans, 26.84. 

KOELBBU  OaSTATA  (L.)  Free. 

Koderia  cristata  (June-grass)  furnishes  very  important  grazing  throughout  the 
Plains  r^ions;  it  extends  from  British  Columbia  to  Arizona  and  from  the  AUe^ianies 
to  the  Sierra  Nevadas,  according  to  the  common  acceptance  of  the  species.  It  is  very 
doubtful,  however,  whether  the  prairie  forms  of  the  Dakotas  and  Montana  should  be 
congidered  under  the  same  name  as  the  ones  which  grow  in  the  mountains  of  the 
Southwest.  Upon  the  Plains,  from  the  Dakotas  to  the  Panhandle  of  Texas,  it  grows 
in  Battering  bunches  among  other  prairie  grasses,  forming  often  one-fourth  to  (me- 
ea^th  oi  the  vegetation,  mostly  upon  the  rolling  hillsides.  In  the  mountains  of  the 
SoutliweBt  it  grows  in  scattering  bunches,  mostly  in  thin-growing  scattering  timber, 
and  matures  its  seeds  in  late  September  and  early  October;  upon  the  prairies  of  the 
Dakotas  its  seed  ripens  in  early  June.  Its  abundant  root  leaves,  5  to  10  or  12  inches 
in  length,  and  its  early  maturity  upon  the  prairies  are  characteristics  which  render  it 
a  viable  pasture  grass.  As  a  hay  plant  it  is  of  only  medium  quality,  because  the 
colniB  are  mostly  bare  and  many  of  tiie  root  leaves  are  lost  in  the  cutting. 

Ko.  7120  (Wooton)  was  collected  at  Moorpark,  Cal.,  April  18,  1913.  The  specimen 
w«  just  forming  the  panicle.  No.  8839  was  collected  at  Havre,  Mont.,  August  13, 
1907.  This  sample  was  cut  close  to  the  ground  and  represents  the  composition  of  the 
piant  when  the  culms  are  well  dried  up  and  only  about  half  of  the  root  leaves  are 
green. 
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7.45 

3.03 

33.94 

46.98 

8.60 

'CkMda  Geotial  Experiment  Farm  Bid.  19,  p.  28.  Colorado  Bui.  12,  p.  110.  South  Dalcota  Bui.  40, 
J.UI.   WToming:  BuL  70,  p.  44;  Bui.  76,  p.  48. 

LAMABCKIA  AUREA  (Dalech)  Moeneh.! 

Lamardtia  aurea  (golden-top  grass)  is  a  hskhdsome  species  that  is  native  to  the  Medi- 
tenanean  r^on  of  the  Old  World.  It  is  widely  introduced  in  southern  California 
*tee,  together  with  wild  oats,  the  brome-grasses,  and  other  introduced  weedy 
oaoMla,  it  famishes  a  large  amount  of  grazing.  It  can  not  be  considered  a  first- 
fsafity  grass,  because,  in  the  first  place,  it  is  an  annual  and,  in  the  second  place,  it 

■  Jo»  in  stature,  seldom  becoming  a  foot  in  height.    It  is,  however,  probably  fully 

■  nbable  as  many  of  the  brome-grasses,  but  is  not  to  be  compared  with  wild  oats. 

5©.  8314  was  collected  at  Garvanza,  Cal.,  May  19, 1906.  The  sample  was  at  nearly 
hflaitarity  and  was  pulled  up,  the  roots  being  then  cut  off  close.  Its  percentage  of 
■BBtttre  was  7.40.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
fiJ>;^er  extract,  3.17;  crude  fiber,  29.90;  nitrogen-free  extract,  36.21;  protein, 
Ul;  penUwans,  23.94. 

>  More  reoentlf  written  Aehprode*  aweum  (L.)  Kunxe. 
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LEPTOCHLOA  DUBU  (H.  B.  K.)  N«ea. 

Leptocfdoa  dubia  is  a  species  said  to  be  distributed  within  the  limits  of  the  United 
States  from  Florida  to  Arizona,  and  it  extends  southward  far  into  Mexico.  In  the 
Southwest,  where  it  reaches  the  greatest  perfection,  it  inhabits  the  higher  valleys 
and  lower  mountain  areas,  making  a  very  striking  and  favorable  growth,  often  3  feet 
in  height.  It  never  produces  a  perfect  stand ,  but  grows  scatteringly  among  the  gramas, 
muhlenbergias,  and  similar  species.  Its  seed  habits  are  good,  and  it  is  considered  a 
promising  species  for  cultivation.  It  is  rather  coarse,  but  the  leafage  and  habit  are 
both  good,  and  really  it  is  but  little  coarser  than  timothy  or  English  bluegrass. 

No.  8950  was  collected  in  the  Santa  Rita  Mountains,  Ariz.,  September  25,  1907. 
The  specimen  was  nearly  mature.  It  was  cut  3  inches  high.  Its  percentage  of  mois- 
ture was  6.57.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  10.23; 
ether  extract,  1.74;  crude  fiber,  33.36;  nitrogen-free  extract,  47.98;  protein,  6.69;  pen- 
tosans, 22.62. 

LEPTOCHLOA  FIUFOBMIS  (Lam.)  BeMiv.  {Leptoehioa  mucronata). 

Leptochloa  filiformia  is  a  common  and  conspicuous  species  in  the  edges  of  streams, 
ponds',  and  neglected  irrigating  ditches  throughout  the  Southwest.  It  is  espedally 
partial  to  alkaline  soils;  and,  in  some  situations  in  the  San  Joaquin  Valley  of  Cali- 
fornia, upon  lands  which  have  been  abandoned  for  ordinary  crops  on  account  of  the 
accumulation  of  soluble  salts  in  the  surface  soils,  so  long  as  the  ground  ia  irrigated 
and  not  invaded  by  Bermuda  grass  and  other  perennials  which  choke  it  out,  this  graas 
is  known  to  yield  a  large  amoimt  of  forage.  It  seems  to  make  a  fair  quality  of  feed, 
but  its  annual  habit  and  its  being  adapted  to  peculiar  special  conditions  make  it  of 
only  secondary  importance. 

No.  8577  was  collected  near  Tempo,  Ariz.,  September  24,  1906.  The  specimen 
was  in  early  maturity  and  was  harvested  close  to  the  ground. 
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.......  -  «  _ 
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11.72 

2.20 

29.22 
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1  Connecticut  Report,  1879,  p.  155;  Mississippi  Report,  1885,  p.  91;  U.  S.  Department  of  Agrloaltur« 
Report  No.  32, 1884,  p.  127. 

UMNODEA  ARKANSANA  (Nntt.)  Dewey. 

Limnodea  arkansana  ranges  from  Texas  to  Florida  and  enters  largely  into  the  com. 
position  of  dry  upland  pastures  in  southern  Texas.  It  appears  to  be  a  valuable  spec  lee 
which  when  in  the  vegetative  condition  is  grazed  by  stock  as  readily  as  the  gram&B. 
When  dried,  however,  it  seems  to  lose  substance.  In  some  seasons  in  southern  Tescas 
(and  this  was  true  especially  in  1908)  it  grows  large  enough  to  be  cut  for  hay  in  xin- 
grazed  upland  pastures. 

No.  9204  was  collected  at  San  Antonio,  Tex.,  April  20,  1908.  The  specimen  wsta  in 
late  blossom  and  was  cut  2  inches  above  the  ground.  Its  percentage  of  moisture  ^^riu 
8.47.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  9.56;  etl^e* 
extract,  2.18;  crude  fiber,  34.48;  nitrogen-free  extract,  46.10;  protein,  7.68;  pexxto- 
sans,  20.86. 

LTCURUS  PHLEOEDES  H.  B.  K. 

Lycunu  phleoides  is  a  species  of  the  arid  Southwest  which  has  been  popularly  c«kJle<f 
"Texan  timothy,'*  and  it  really  does  have  a  faint  superficial  resemblance  to  tin^otlxV 
the  cultivated  hay  plant.  It  is  a  common  species  from  Colorado  to  Texas  and  ^«»^ 
ward  to  Arizona.    In  southern  Arizona,  where  we  are  most  familiar  with  it,  this 
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inhabits  gravelly  ridges  of  the  foothills  r^ion  midway  between  the  desert  mesas  and 
the  moister  mountains.  Nowhere  does  it  form  a  complete  ground  cover,  but  it  is 
commonly  found  in  bunches  scattered  among  other  grasses  and  is  consequently  not 
a  gniM  of  the  first  importance,  althou^  readily  eaten  by  stock  in  both  dry  field- 
cured  and  green  conditions. 

No.  9518  was  collected  near  Prescott,  Ariz.,  August  31,  1908.    The  sample  was  in 
late  blossom  and  was  harvested  by  being  cut  close  to  the  ground. 
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1  New  Mexico  Bui.  17,  p.  37. 

MEUCA  BULBOSA  Geycr. 

Mdiea  bidbosa  (meUc  grass)  is  a  Pacific  coast  species  of  importance  only  as  a  filler. 
It  is  a  tall,  coarse  species  with  bare,  hard  culms,  growing  scatteringly  among  other 
graaseB  and  shrubbery,  but  it  is  always  grazed  where  opportunity  offers.  This  is  one 
of  the  native  bunch  grasses  which  have  been  almost  exterminated.  The  fact  that  it 
is  to  be  found  rather  abundantly  along  the  railroad  right  of  way  in  some  places  indi- 
cates that  it  might  come  back  on  much  of  the  range  country  if  given  a  chance. 

No.  7106  (E.  O.  W.)  was  collected  at  Red  Bluff,  Cal.,  April  6, 1913.  Its  percentage 
of  moisture  was  4.65.  Other  constituents  (on  a  water-h-ee  basLs)  were  as  follows :  Ash, 
8.76;  ether  extract,  2.94;  crude  fiber,  30.36;  nitrogen-free  extract,  45.16;  protein, 
12.78;  pentosans,  24.74. 

MEUCA  IMPERFECTA  Tria. 

MeUea  imperfeda  is  one  of  the  original  perennial  bunch  grasses  of  California  which 
was  no  doubt  much  more  abundant  formerly  than  it  is  now.  At  present  it  is  found 
mostly  in  the  protection  of  shrubbery.  It  is  relished  by  stock  and  is  therefore  always 
closely  grazed. 

No.  7118  (E.  O.  W.)  was  collected  at  Moorpark,  Cal.,  April  18. 1913.  Its  percentage 
of  moisture  was  4.93.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
8.70;  ether  extract,  1.94;  crude  fiber,  36.95;  nitrogen-free  extract,  43.60;  protein,  8.81; 
pentosans,  27. 

MUHLENBERGIA  AEENICOLA  BncU. 

Muhknbergia  arenicola  is  strictly  a  sandy-land  species,  at  times  very  conspicuous 
because  it  follows  up  other  species  which  have  been  grazed  out.  Although  at  times 
abundant  over  considerable-areas,  it  is  not  relished  by  stock. 

No.  7084  (E.  O.  W.)  was  collected  on  sand  hills  northeast  of  Las  Crucee,  N.  Mex., 
October 3, 1912.  Its  percentage  of  moisture  was  4.52.  Other  constituents  (on  a  water- 
free  basis)  were  as  follows:  Ash,  9.03;  ether  extract,  2.05;  crude  fiber,  33.80;  nitrogen- 
free  extract,  48.31;  protein,  6.81;  pentosans,  26.58. 

MUHLENBERGIA  EMERSLEYI  Vaeey. 

MvhUnbergia  emersleyi  is  a  typical  Mexican  species  which  extends  into  the  moun- 
tains of  the  southwestern  United  States,  forming  a  coarse,  harsh  forage  resorted  to 
by  cattle  when  other  more  palatable  feeds  fail.  It  grows  in  large  bunches,  often  2 J 
feet  high  and  having  a  spread  of  similar  dimensions.  In  sou  them  Arizona  it  invariably 
inhabits  the  oak  belt  in  the  mountains,  from  the  open,  gently  sloping,  upper  mesas  to 
an  altitude  of  approximately  5,000  feet.  It  never  gets  down  to  the  desert  mesas. 
It  is  a  very  handsome  grass  and,  were  it  possible  to  cultivate  it,  might  make  a  valuable 
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ornamental.  The  first  number  listed  below  is  considered  to  be  typical  of  the  species, 
However,  the  group  has  not  been  carefully  worked  out.  Segregations  in  the  future 
may  separate  the  second  number  as  a  distinct  species  from  the  first.    (PI.  VI,  fig.  1.) 

No.  8952  was  collected  in  the  upper  foothills  of  the  Santa  Blta  Mountains,  Ariz., 
September  25,  1907.  The  sample  was  in  late  blossom  and  was  cut  3  inches  high; 
hence  it  included  all  of  the  material  that  could  possibly  be  eaten  by  stock.  Indeed, 
the  stubble  of  the  sample  collected  would  represent  conditions  under  very  close 
mzing.  No.  9600  was  collected  in  the  northern  foothills  of  the  Santa  Rita  Mountains, 
September  18,  1908.  The  sample  was  in  early  blossom  and  prepared  about  the  same 
as  the  previous  number. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Grade 
fiber. 

Nitrogen- 
free 
extract 

Protein. 

Pento- 
sans. 

Our  sample  No.  8052 

5.72 
3.01 

7.19 
9.05 

1.79 
1.05 

30.72 
41.84 

55.46 
43.56 

4.84 
5.00 

25.96 

Our  sample  No.  9600 

24.92 

Average  of  both 

4.37 

8.12 

1.42 

36.03 

49.51 

4.92 

25.43 

MUHLENBERGIA  GRACILIMA  Tort. 

MvMenhergia  gradlima  is  a  dry-land  species  extending  from  western  Texas  to  Call- 
fornla  and  northward  to  Colorado  and  Nevada.  It  is  a  conspicuous  plant  upon  the  i 
semisodded  mesas  and  foothills  of  the  region.  It  occupies  neither  the  moister  nor  the  | 
drier  situations,  but  rather  the  medium  lands  on  the  dividing  line  between  sodded 
and  unsodded  conditions.  Where  it  occurs  it  usually  forms  a  mat  of  tangled  stems 
and  leaves  upon  the  surface  of  the  ground,  thus  producing  a  semblance  at  least  of  a 
turf.  While  of  a  great  deal  of  importance  on  account  of  its  wide  distribution  and 
abundance,  it  is  not  a  first-quality  grass.  It  seldom  gets  over  3  inches  high  before 
the  bare  culms  stretch  up  a  foot  or  less  beyond  this.  The  culms  invariably  break  off 
easily  and  are  seldom  grazed  by  live  stock.  Associated  with  the  species  are  uerually 
found  buffalo  grass,  the  gramas,  and  the  bluestems,  all  of  which  are  more  palatable 
to  stock.  In  spite  of  this,  however,  the  species  is  grazed  to  extermination  in  many 
situations  and  is  more  or  less  relished  by  stock  when  other  feeds  become  scarce. 

No.  9515  was  collected  near  Prescott,  Ariz.,  August  30,  1908.  The  sample  was  in 
early  fruit  and  was  cut  close  to  the  ground,  some  old  dry  leaves  being  unavmdably 
included.  Its  percentage  of  moisture  was  8.57.  Other  constituents  (on  a  water-free 
basis)  were  as  follows:  Ash,  12.36;  ether  extract,  2.53;  crude  fiber,  31.03;  nitrogen- 
free  extract,  46.31;  protein,  7.77;  pentosans,  18.41. 

MUHLENBERGIA  NEOMEXICANA  Tasey. 

MtJilenbergia  neomexicana  is  a  low,  tufted,  hard,  wiry  perennial,  at  times  of  conaid'- 
erable  value  on  account  of  its  abundance,  but  it  is  a  filler  only.    In  limited  localitiea   i 
in  the  Southwest,  however,  it  is  abundant  enough  to  give  character  to  the  paston^e.    i 
It  usually  occurs  on  rocky  exposed  ridges  in  the  mountains  of  southern  Arizona,  Hew 
Mexico,  and  western  Texas  in  the  woodlands  or  open  coniferous  forests  up  to  ajaoot 
7,000  feet  elevation. 

No.  7094  (E.  O.  W.)  was  collected  in  the  San  Andreas  Mountains  near  Las  Omces,  \ 
N.  Mex.,  October  6,  1912.    Its  percentage  of  moisture  was  5.61.    Othw  con0titis«iitB 
(on  a  water-free  basis)  were  as  follows:  Adi,  5.65;  ether  extract,  2.39;  crude  fiber 
37.55;  nitrogen-free  extract,  48.28;  protein,  6.13;  pentosajis,  26.90.  ' 

MUHLENBERGIA  PORTERI  Scribn. 

Muhlenbergia  porteri  (black  grama)  although  of  less  importance  by  far  than  nukny 
other  southwestern  grasses,  is  in  many  ways  most  interesting.  At  the  same  time  it  is 
BO  important  that  it  never  should  be  omitted  from  a  list  of  forage  grasses  of  the  re^oi^ 
from  western  Texas  to  California  and  northward  to  Ck)lorado  and  Utah.  In  the  Sautm 
Rita  Mountains  of  southern  Arizona  it  always  grows  in  tangled  masses  in  bundles  of 
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Fkl  1 .— Festuca  Arizonica  in  Open  Parks  in  the  White  Mountains  of  Arizona. 


FiQ.  2.— A  Good  Mountain  Pasture  in  Southern  Arizona,  Consisting  of  Species 

OF  BOUTELOUA,  ANDROPOQON,  LYCURUS,  ETC. 
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Fia  1 .— SPOrtoBOLus  Wriqhtii  on  the  Valley  Flcx)r,  Eroded  into  Tussocks, 
Southwestern  Arizona. 


FiQ.  2.— Echinochloa  Crus-Galli,  a  Volunteer  Crop,  Near  Westfall,  Oreo. 
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ahrubbery,  cat's-claw,  hackbeny,  meequite,  etc.,  where  it  renudns  unmolested  by 
stock  as  long  as  other  feeds  are  available  with  less  annoyance  from  the  shrubby  spiny 
protectors.  In  the  Organ  Mountains  of  New  Mexico  it  grows  in  clumps  of  shrubbery 
also,  but  more  often  in  the  open. 

Ei^t  c^  nine  years  ago,  when  a  large  tract  of  range  land  was  fenced  by  the  United 
States  Department  of  Agriculture  in  the  northwestern  foothills  of  the  Santa  Rita  Moun- 
tains in  southern  Arizona,  this  grass  was  nowhere  conspicuous.  It  was  invariably 
closely  cropped  except  where  it  was  impossible  for  stock  to  get  at  it.  Now  tangled 
damps  3  feet  high  and  6  cv  8  feet  in  diameter  are  not  uncommon,  generally  produced 
smce  the  field  was  Inclosed.  In  times  past  it  was  a  conunon  thing  for  the  Mexican 
people  to  cut  large  quantities  of  this  grass  in  the  upper  foothills  along  the  Mexican 
border,  packing  it  to  villages  and  mining  camps  on  burros. 

The  species  is  in  reality  a  shrub.  It  makes  a  growth  approximately  equal  each  year 
to  some  of  the  other  grasses,  but  instead  of  dying  to  the  ground  each  winter,  only  the 
leaves,  flowers,  and  smsdler  branches  die,  the  older  hardened  culms  remaining  alive. 
In  time,  therefore,  a  tangled  mass,  such  as  that  described  above,  representing  portions 
of  the  growUis  of  several  years,  is  formed.  Although  several  years  old  tho  stems  are 
not  so  woody  as  one  might  expect.  Indeed,  they  are  not  so  woody  but  that  cattle  will 
eat  them  even  if  they  are  3  or  4  years  old.  It  can  be  easily  imagined  how  fond  stock 
are  of  these  green  clumps  in  winter  when  other  vegetation  is  dead  and  dried  up. 

No.  8940  was  collected  in  the  foothills  of  the  Santa  Rita  Mountains,  Ariz.,  Septem- 
ber ^,  1907.  The  sample  represents  the  nearly  mature  plant  of  the  current  year's 
development.  This  season's  growth,  about  10  to  12  inches,  was  taken  with  very  little 
of  the  older  culms.  Its  percentageof  moisture  was  5.76.  Other  constituents  (on  a  water- 
free  bads)  were  as  follows:  Ash,  6.53;  ether  extract,  2.28;  crude  fiber,  35.63;  nitrogen- 
free  extract,  49.59;  protein,  5.97;  pentosans,  26.25. 

MUHLENBBROU  WUOHTn  Ymmef. 

MvhUnbfrgia  wrightii  grows  in  large  bunches  upon  the  second  bottoms  of  mountain 
streams  and  dry  washes  of  northern  Arizona.  Its  aflSnities  are  with  Sporobohis  brevi- 
foHus.  The  leaves  are  a  little  more  abundant,  and  the  plant  Uiroughout  is  less  wiry 
than  that  species.  In  this  region  it  adds  considerable  to  the  pasturage,  since  it  is 
resorted  to  by  stock  and  readily  grazed  when  more  palatable  feeds  fail. 

No.  9554  was  collected  at  Prescott,  Ariz.,  September  7,  1908.  Its  percentage  of 
moisture  was  6.58.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
8.39;  ether  extract,  1.91;  crude  fiber,  32.14;  nitrogen-free  extract,  50.50;  protein, 
7.06;  pentosans,  27.39. 

PANICULAKIA  GRANDIS  (Wmts.)  Naalu 

Panieularia  ffrandis  is  a  soft,  spongy  stemmed,  sprangle-topped  reed-grass,  inhabit- 
ing low,  moist,  alluvial  grounds  in  the  edges  of  swamps  and  streams  from  Labrador  to 
Oalifomia.  It  never  grows  abundant  enough  to  be  of  any  great  economic  importance, 
but  furnishes  very  acceptable  grazing  wherever  it  occurs.  Usually  it  is  more  or  lees 
pure  in  small  patches,  but  it  may  also  be  found  scattered  among  sedges,  rushes,  and 
other  water-loving  plants. 

No.  8795  was  collected  at  Fareo,  N.  Dak.,  August  8,  1907.  The  sample  was  cut 
ckse  to  the  ground  when  in  late  miit. 


Peroent- 
molstare. 

Wat«r-free  baste  (per  cent). 

Material  aoalyud. 

Ash. 

Ether 
extzBct. 

Crude 

Nitrogen- 
free 
extract. 

P">*««^      ^^ 

Onr  sample  No.  8705 

7.19 

17.31 
9.48 

2.22 
1.74 

2«.71 
33.39 

43.38 
45.42 

la  38            17.  79 

Avenee  of  5  others  i 

9.97    

Average  of  all     

ia78 

L82 

3128 

45.08 

10.04  1 

I  South  Dakota  Bui.  40,  p.  134.    Wyoming:  Bui.  70,  p.  36;  Bui.  87,  p.  64. 
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PANICULARU  FAUdFLORA  (Preal.)  Kantse. 

Panicularia  pattdflora  is  a  soft,  water-loviog  species  of  smaller  stature  than  P.  grandU. 
It  also  never  becomes  abundant,  but  commonly  makes  almost  pure  stands  in  the  edgee 
of  fresh-water  ponds,  streams,  and  marshes,  especially  in  the  high  altitudes  of  the 
Rocky  Mountain  regions.  The  areas  are  all  small,  however,  being  seldom  over  a  few 
rods  in  extent,  and  usually  they  are  much  smaller  in  area  than  this.  What  there  is  of  it 
is  readily  grazed  by  all  classes  of  live  stock. 

No.  8868  was  collected  at  Summit,  Mont.,  August  15,  1907.  The  sample  was  cut 
close  to  the  ground  when  the  seed  was  in  early  maturity.  Its  percentage  of  moisture 
was  6.34.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Adi,  10.01 ;  ether 
extract,  6.27;  crude  fiber,  25;  nitrogen-free  extract,  46.23;  protein,  13.49;  pentosans, 
20.37. 

PANIGUM  FASdCULATUM  Swarte. 

The  main  economic  interest  in  Panicum/asdculatum  is  derived  from  the  fact  that  it 
often  produces  a  heavy  aftermath  of  good  quality  in  grain  fields  or  in  waste  places  in 
our  irrigated  Southwest. 

No.  8568  was  collected  near  Phoenix,  Ariz.,  September  24, 1906.  The  sample  rep- 
resents the  plant  when  the  seeds  are  rully  mature.  Its  percentage  of  moisture  was 
4.68.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  15.19;  etiier 
extract,  2.01;  crude  fiber,  25.91;  nitrogen-free  extract,  46.99;  protein,  9.90;  pento- 
sans, 19.44. 

FANIGUM  FUJPES  Scribn. 

Panicum  filipes  resembles  more  closely  than  anything  else  a  somewhat  dwarf-leaved 
form  of  switch-grass  (P.  virgatum).  It  grows  abundantly  in  dry  situations  in  southern 
Texas  and  forms  a  valuable  part  of  the  pasturage,  growing  in  scattered  bunchee.  It 
can  not  be  considered  of  much  consequence  in  native  hays,  but  its  delicate  panicle, 
abundant  leafage,  and  rather  small  culms  render  it  of  considerable  importance  as  a 
pasture  grass. 

No.  8403  wascoUected  near  Green,  Tex.,  August  14, 1906.  The  sample  represents  the 
plant  with  the  seed  fully  mature  and  half  of  the  leaves  dead  and  dry.  It  was  hiurvested 
about  2  inches  high.  Its  percentage  of  moistiu^  was  5.44.  Other  constituents  (on  a 
water-free  basis)  were  as  follows:  Ash,  9.66;  ether  extract,  1.89;  crude  fiber,  32.57; 
nitrogen-free  extract,  50;  protein,  5.88;  pentosans,  26.09. 

FANICUM  HALLn  Vaaey. 

Panicum  hallii  (panic-grass)  is  of  a  great  deal  of  importance  as  a  filler  on  the  open 
mesas  and  rocky  hiUs,  as  well  as  in  poorly  cultivated  fields  from  Texas  to  Arizona- 
It  is  a  species  of  secondary  quality. 

No.  7087  (E.  O.  W.)  was  collected  on  the  mesas  near  Las  Cruces,  N.  Mex.,  October  4, 
1912.  Its  percentage  of  moisture  was  3.42.  Other  constituents  (on  a  water-free 
basis)  were  as  follows:  Ash,  10.77;  ether  extract,  1.56;  crude  fiber,  31.93;  nitrogen-fiee 
extract,  50.29;  protein,  5.45;  pentosans,  25.05. 

FANICUM  OBTUSUM  H.  B.  K. 

Panicum  ohtusum  is  a  conmion  and  familiar  grass,  sometimes  known  as  vine  mes- 
quite,  extending  from  Colorado  to  the  Gulf  of  Mexico  and  westward  through  Arizona. 
It  usually  inhabits  waste  places,  alluvial  bottoms,  and  other  moist  situations,  com- 
monly to  the  exclusion  of  everything  else  wherever  it  gains  a  good  foothold .  Its  abilitv 
to  develop  by  long  overground  stems,  which  root  at  eveiy  joint,  gives  it  a  great  advan- 
tage in  soils  which  are  comparatively  loose.  It  seldom  is  in  condition  to  be  cut  foi 
hay,  but  in  a  few  situations  it  has  been  seen  making  a  growth  which  would  yield »  ij 
cut  with  the  mower,  fully  1  ton  to  the  aero.  Near  Seligman,  Ariz. ,  during  the  autiunz] 
of  1908  thero  were  considerable  areas  of  it,  in  one  place  5  or  6  acres  which  would  make 
1  to  1}  tons  to  the  acre.  This  situation,  however,  was  an  exceptional  one.  A  lann 
quantity  of  earth  had  been  washed  down  from  a  dam  which  broke  in  the  early  euuuner, 
depositing  from  1  to  6  inches  of  loose  earth  over  the  entire  area.  It  is  in  situationi 
where  the  soil  is  of  this  nature  that  the  plant  shows  to  best  advantage.    It  n^yifctjo  bu1 
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a  fail  quality  of  hay  and  is  not  usually  grazed  where  other  palatable  feeds  occur. 
(RIX,fig.l.) 

No.  9551  was  collected  near  Seligman,  Ariz.,  September  6,  1908.    The  sample  was 
in  full  blossom  aiki  was  harvested  close  to  the  ground. 


PcroMit- 
mmMoie. 

Wattf-free  bMis  (per  oent). 

MctedalamUysed. 

AatL 

Ether 

Cmde 
fiber. 

NttrogeD- 

free 
extract. 

Protein. 

Pento- 
sans. 

OnrampleNo.  9661 

6.43 

0.44 
0.49 

4.46 
a.  38 

86.27 
32.74 

39.82 
47.46 

11.62 
7.94 

21.21 

Aww^of^otluTff  1        

Avenge  of  an. 

0.48 

X90 

83.37 

46.42 

8.S 

iCoDDBCticat  Report,  1879,  p.  155;  New  Meodoo  BoL  17,  p.  87;  U.  8.  Department  of  Agrlonlture  Report 
No.3a,l»4,p.l26. 

PANICUM  TIBGATUM  L. 

The  common  switch-grass  {ParUcum  virgatum)  is  familiar  and  conspicuous  on  account 
of  its  kige  stature.  It  extends  from  the  East  to  the  Middle  West.  In  the  Plains 
region  it  mostly  inhabits  the  moist  situations.  It  seldom  forms  a  pure  growth  over 
any  extended  areas,  but  is  commonly  found  in  large  bunches  several  feet  across  and 
3  to  4  feet  hig^.  It  is  a  coarse,  rank,  smooth  species,  with  good  seed  habits,  and  it 
adspta  itself  to  cultivation  very  well.  It  has  been  considered  by  some  as  rather  prom- 
ieing  for  domestication. 

No.  9337  was  collected  near  Henrietta,  Tex.,  July  1,  1908.  The  sample  was  just 
b^^imiing  to  head  out  and  was  cut  4  inches  high. 


Pevoent- 

age  of 

mcnstore. 

Water-free  baais  (per  oeot). 

MattfU  analyzed. 

AidL 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento. 
eans. 

5.96 

5.64 
ft.  30 

2.06 
2.26 

37.20 
33.28 

50.44 
51.60 

4.67 
6.56 

21.63 

AvmgeofieoUiersi 

Ayi>nk£^  f>r  4II    , 

6.26 

2.26 

33.52 

51.52 

6.45 

i  Canada  Central  Experiment  Farm  Bui.  19,  p.  28.  Colorado  Bui.  12,  p.  30.  Connecticut  Report,  1879, 
D.  US;  1»7,  p.  103.  Iowa  Bui.  56,  p.  480.  M issbsippi  Report,  18B5, p.  92.  North  Carolina  Bui.  90b,  p.  4. 
Booth  Dakota  BuL  4ap.  36.  Tennessee  Bui.  3,  vol.  9,  p.  112.  U.  B.  Department  of  Agriculture  Report 
Ho.  32, 1884,  p.  125.    'West  Virginia  Report,  1891,  p.  35.    Wyoming  Bui.  ^,  p.  68. 

PAPPOPHORUM  APEBTUM  Mura. 

Pappophorum  apertum  is  a  perennial  bunch  grass  with  a  long,  white,  spikelike  head, 
common  in  the  moister  situations  from  western  Texas  to  Arizona.  It  is  never  very 
abundant  and  almost  never  forms  a  continuous  growth .  On  the  other  hand,  it  is  found 
acatteringly  among  other  species,  thus  simply  adding  to  the  sum  total  of  the  feed  and 
not  imparting  any  distinctive  character  to  it. 

No.  8393  was  collected  near  Green,  Tex. ,  August  14, 1906.  The  sample  was  overripe, 
the  seed  having  very  largely  dropped  off,  and  thero  were  some  dry  leaves  at  the  base. 
It  was  harvested  about  3  inches  above  the  eround.  Its  percentage  of  moisture  was 
8.29.  Odier  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  8.85;  ether 
extract,  1.68;  crude  fiber,  34.87;  nitrogen-free  extract,  48.26;  protein,  6.34;  pento- 
BUB,  24.11. 

PASPALUM  DILATATUM  Polr. 

Paspdwn  dUaiatum  is  a  coarse,  wide-leaved,  peronnial  species,  widely  distributed 
from  Virginia  to  Florida  and  westward  to  the  arid  portion  of  western  Texas.  It  is 
psitial  to  low,  moist  grounds  and  produces  in  such  situations  a  valuable  part  of  the 
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pasturage.    Like  other  species  of  the  genus,  however,  the  forage  produced  is  of  sec- 
ondary quality.  f 

No.  8726  was  collected  near  Tampa,  Fla.,  June  12,  1907.    The  sample  was  in  fuU- 
blosBom  and  was  cut  at  the  surface  of  the  ground. 


Percent- 

aeeof 

moisture. 

Water-free  basis  (per  cent). 

Material  analyMd. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8726 

7.07 

7.49 
10.40 

2.42 
2.77 

36.72 
30.82 

45.fl0 
48.11 

8.77 
7.90 

22.83 

Average  of  4  others  i 

0.82 

2.70 

3L80 

47.61 

8.07 

1  Louisiana  Bui.  114,  p.  23;  Mississippi  Report,  1896,  p.  92;  Texas  Report,  1888,  p.  3a 
PASPALUM  STBAMINKUM  Naah. 

Paspalum  strn'm/tneum  is  a  low,  ascending,  spreading  species,  of  a  great  deal  of 
importance  in  some  localities  upon  sandy  lands.  It  has  some  value  as  a  sand  binder 
and  furnishes  very  early  feed.  It  is  found  upon  loose  sands  in  circumscribed  areas 
from  Nebraska  to  New  Mexico  and  southward. 

No.  7078  (E.  O.  W.)  was  collected  in  the  San  Andreas  Mountains,  N.  Mex.,  Septem- 
ber 23,  1912.  Its  percentage  of  moisture  was  4.72.  Other  constituents  (on  a  water- 
free  basis)  were  as  follows:  Ash,  7.17;  ether  extract,  1.37;  crude  fiber,  34.31;  nitixigen- 
free  extract,  52.73;  protein,  4.42;  pentosans,  24.83. 

PHALARIS  ARUNDINACEA  L. 

Reed  canary  grass  (Phalaris  arundinacea)  is  a  common,  stout,  rank,  smooth,  leafy, 
perennial  grass,  widely  distributed  from  Nova  Scotia  to  Tennessee  and  westward  to 
California.  It  inhabits  marshes  and  low,  wet  meadows  in  general,  often  growing  in  a 
foot  of  water  for  a  considerable  period.  It  is  seldom  that  it  forms  pure  growths,  usually 
being  found  scatteringly  among  other  grasses  and  sedges  in  river  bottoms  and  other 
moist  situations,  where  it  is  a  valuable  adjunct  to  the  native  hay  and  pasture  crops. 

It  adapts  itself  well  to  cultivation  and,  although  growing  in  moist  situations  natu- 
rally, develops  well  on  dry  cultivated  uplands.  The  serious  objection  to  it  as  a  culti- 
vated plant  is  its  seed  habits.  It  produces  an  abundance  of  fertile  seeds,  and  they 
are  free  from  any  wool,  lint,  or  chaff  which  would  make  them  objectionable  in  gather. 
ing,  but  they  are  very  loosely  attached  to  the  plant  and  drop  off  immediately  when  ripe. 
Maturing  as  they  do  from  the  top  downward,  the  upper  seeds  are  often  shed  before  the 
lower  ones  are  fit  to  harvest. 

No.  8323  was  collected  at  BakersviUe,  Cal.,  May  27, 1906,  when  the  seed  was  mature 
but  the  entire  plant  was  still  green.    It  was  cut  3  inches  above  the  ground. 


Percent- 
age of 
moteture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8328 

6.06 

8.04 
8.34 

1.41 
3.06 

31.09 
3a  20 

56.73 
47.67 

3.73 

lazs 

aasfl 

Average  of  17  others » 

Average  of  all 

8.32 

2.97 

3a  25 

48.12 

ia34 

1  Canada  Central  Experiment  Farm  Bui.  19,  pp.  28,  32.  Colorado  BuL  12,  p.  88.  Coimeetiout  Rcnori 
1879.  p.  153.  Iowa  Bui.  11.  p.  457.  Kentuckv  Bui.  87,  p.  116;  Report,  1902,  p.  302.  Montana  R«nnrt 
1902.  p.  66.  North  Carolina  Bui.  90b.  p.  4.  New  York  Report,  1886,  p.  842;  1^,  p.  407.  Somtli  I>ako^ 
Bui.  40,  p.  54.    Vermont  Report,  1889,  p.  86.    Washington  Bui.  73,  p.  15. 
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PHLEUM  ALPINUM  L. 

Mountain  timothy  (Phleian  alpinum),  native  to  both  hemispheres  and  to  both  the 
North  American  and  South  American  continents,  resembles  very  closely  the  culti- 
vated timothy.  It  can  be  easily  distinguished,  however,  by  its  shorter,  stouter 
heads  and  smaUer  stature  throughout.  It  usually  inhabits  the  drier  portions  of  moist 
mountain  meadows.  Growing  scatteringly  among  other  grasses,  it  can  not  be  consid- 
ered as  a  forage  plant  of  prime  importance  in  these  situations,  because  it  is  never 
sufficiently  abundant  to  impart  its  own  character  to  the  vegetation.  So  far  as  it  goes, 
however,  it  is  probably  as  valuable  as  the  common  cultivated  timothy,  which  is  widely 
introduced  throughout  the  mountain  ranges  of  this  country,  furnishing  in  many  places 
vastly  more  feed  than  this  smaller  native. 

No.  8845  was  collected  at  Summit,  Mont.,  August  15,  1907,  when  the  upper  florets 
were  in  early  maturity.    It  was  cut  1  inch  above  the  ground. 


Percont- 

aceof 

mobture. 

Water-free  basis  (per  cent). 

Material  analyMd. 

Aah. 

Ether 
extract 

Crude 
fiber. 

Nitiogen. 

free 
extract. 

Protein. 

Pento- 
sans. 

Oar  sample  No.  8845 

6.51 

4.19 
4.02 

2.50 
2.31 

32.56 
32.16 

54.  «4 
6La6 

«.12 
9.36 

24.94 

ATcrage  of  7  others  ^ 

Average  of  all 

4.83 

2.33 

32.20 

51.  (W 

8.96 

1  Colorado  BuL  12,  p.  113.  Nevada  Bui.  62,  p.  24.  WyooUng:  Bui.  70,  p.  48;  BuL  76,  p.  50;  Bui.  87, 
p.  70. 

PHRAOMITES  COMMUNIS  Trfau 

PhroffmiUs  communis,  commonly  distributed  in  the  United  States,  and  indeed 
tfaioQghout  the  entire  Northern  Hemisphere,  is  a  characteristic  species  of  reedlike  grass, 
inhabiting  marshes  and  edges  of  ponds  and  str^uns.  It  is  not  usually  considered 
much  of  a  forage  plant,  but  in  closely  grazed  regions  it  is  frequently  resorted  to  in 
times  of  scarcity  and  furnishes  really  a  great  deal  of  supplemental  feed.  In  some 
situations,  where  the  soils  are  wet  in  spring  and  dry  in  midsummer,  the  grasH  is  cut 
for  hay  and  makes  a  fair  quality  of  very  coarse  roughage. 

No.  8808  was  collected  at  Fargo,  N.  Dak.,  August  10,  1907.  The  specimen  was  in 
full  blossom  and  was  cut  1  foot  mgh. 


Percent- 
age of 
molstive. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein, 

Pento- 
sans. 

Cor  sample  No.  8808. 

6.27 

8.48 
7.14 

2.97 
2.87 

32.01 
39.02 

46.93 
41.86 

8.71 
9.11 

24  70 

One  other  sample  1 

Average  ofboth 

7.80 

2.92 

35.97 

44.40 

8.91 

1  South  Dakota  Bui.  40,  p.  106. 
PLBURAPmS  MUnCA  Badd. 


Pkvraphis  mutica  is  the  galleta  of  the  southwestern  United  States  and  is  in  many 
respects  a  very  valuable  species.  Like  the  closely  related  tabosa  (Hilaria  jamemi) 
of  iegi(His  a  little  farther  north,  it  comes  into  prominence  during  seasons  of  excessive 
drought.    It  is  peculiarly  adapted  to  shallow  swales,  which  catch  or  retard  a  portion 


Digitized  by 


Google 


38 


BULLETIN  201,  U.   S.   DEPABTMENT  OF  AGEICULTUBE. 


of  the  run-off  of  the  desert  during  the  rainy  season.  In  such  situations  in  southen 
Arizona,  often  upon  desert  mesas,  small  crops  of  this  grass  are  sometimes  harvested 
as  hay.  The  prime  importance,  however,  of  this  and  closely  related  species  is  from 
a  pasture  standpoint.  It  is  a  hard,  brittle-stemmed,  brash  species,  but  the  stems 
are  perennial,  remaining  green  from  year  to  year,  the  new  growth  springing  from  neai 
the  base.  On  this  account  it  furnishes  a  feed  that  is  often  more  palatable  to  stock 
after  long  periods  of  drought  than  even  the  gramas.  Taking  it  all  in  all,  it  Is  not  to  be 
compared  as  a  feed  with  blue  grama  or  with  Hilaria  cencbroides,  but  the  perennial 
character  of  the  stems  renders  it  exceptionally  valuable  after  other  feeds  have  become 
desiccated  so  as  to  be  (rf  little  value. 

No.  7014  (Wooton)  was  collected  near  Congress  Junction,  Ariz.,  February  18,  1912. 
This  sample  represents  the  grass  in  its  winter  condition  and  was  prepared  by  taking 
the  lower  4  or  5  inches  of  the  stems  and  leaves,  cut  about  1  inch  above  the  ground. 
No.  8600  was  collected  near  Doming,  N.  Hex.,  September  29,  1906.  The  specimen 
was  overripe,  but  all  excepting  the  Upper  portion  oi  the  culm  was  still  green.  It  was 
so  harvested  as  to  include  nothing  but  this  year's  growth. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  anAlysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

NlteogeD- 

free 
extract 

Protein. 

Pento- 
sans. 

Our  sample  No.  7014  (E.  O.  W.). 
Our  sample  No.  8600 

5.96 
4.37 

7.27 
8.56 
7.80 

1.17 
2.06 
1.26 

34.68 
29.70 
35.83 

52.68 
52.17 

48.47 

4.20 
7.52 
6.64 

26w72 
24  98 

One  other  sample  * 

Average  of  all 

8.17 

1.66 

32.77 

5a  32 

7.08 

»  New  Mexico  BuL  17,  p.  37. 

POA  AREDA  Yaoey. 

In  many  respects  Poa  arida  is  one  of  the  most  remarkable  species  of  this  genus.  It 
has  methods  of  propagation  exactly  comparable  to  the  common  cultivated  Kentucky 
bluegrass,  but  its  rootstocks  are  much  longer  and  it  is  a  salt-loving  species  of  excellent 
quality.  In  many  situations  in  the  Rio  Grande  Valley,  especially  north  of  El  Paso, 
and  in  the  Pecos  Valley,  in  the  vicinity  of  Roswell,  it  is  foimd  abundantly  mixed 
with  DistUMis  spicata  and  Sporobolus  airoides.  It  never  makes  a  perfect  stand,  but 
grows  scatteringly,  as  indicated  above,  among  other  salt-loving  grasses,  and  it  is  cer- 
tainly relished  by  stock.  It  grows  large  enough  to  be  cut  for  hay,  and  its  seed  habits 
are  as  good  as  those  of  Kentucky  bluegrass. 

No.  8363  was  collected  near  Albuquerque,  N.  Mex.,  June  2,  1906.  The  specimen 
was  in  a  rather  overripe  condition  and  was  cut  off  close  to  the  ground. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 

free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8363 

4.02 

7.02 
7.20 

1.90 
2.87 

33.61 
38.38 

51.88 
45.92 

5.00 
5.63 

25w43 

Average  of  2  others  * 

Average  of  all 

7.14 

2.68 

36.76 

47.90 

5.62 

I  Montana  Report,  1902,  p.  60;  South  Dakota  Bol.  40,  p.  28. 
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POA  BIGKLOVn  Yaaey  A  ScHte. 

Poa  bigeJovii  is  a  typical  species  of  the  Mexican-boundary  region  of  Arizona.  What 
its  habits  were  originally  we  do  not  know,  but  at  the  present  day  it  grows  almost 
invariably  in  the  iHX>tection  of  shrubbery  in  the  foothills  at  an  altitude  of  3,500  to 
5,000  feet.  It  seems  to  desire  protection  from  the  sun  as  well  as  from  live  stock.  In 
these  situations  it  furnishes  a  small  quantity  of  grazing  of  a  fairly  good  quality.  It 
undoubtedly  is  not  as  good  feed  as  the  i>erennial  species  of  Poa,  but  it  grows  in  this 
region  as  a  winter  and  early-spring  annual  when  the  stock  feed  is  made  up  almost 
entirely  of  weedy,  nongrass  forage  plants. 

No.  9167  was  collected  in  the  foothills  of  the  Santa  Rita  Mountains,  Arizona,  April 
10, 1906.  The  sample  was  nearly  mature  and  was  cut  close  to  the  ground.  Its  per- 
centage of  moisture  was  9.30.  Other  constituents  (on  a  water-free  basis)  were  as 
follows:  Ash,  7.35;  ether  extract,  2.93;  crude  fiber,  24.39;  nitrogen-free  extract,  58.26; 
protein,  7.07;  pentosans,  16.37. 

POA  LAEVIGATA  ScHte. 

Poa  laevigaia,  although  somewhat  distantly  related  to  the  common  cultivated  blue- 
grao,  is  quite  wiry,  but  it  is  still  a  very  important  pasture  and  hay  grass  in  the  edges 
of  moist  bottoms  of  the  interior  Great  Basin  and  Rocky  Mountain  regions.  The  situa- 
tions most  suitable  for  its  development  are  those  which  receive  one  or  possibly  two 
good  floodings  during  the  year.  This  is  characteristic  of  the  heavy,  hard,  adobe  soils 
between  the  lower  moist  bottoms  and  the  surrounding  ridges  in  the  eastern  part  of 
this  range  and  of  the  sinks  and  swales  of  the  Great  Basin.  In  such  situations,  this 
species  often  grows  luxuriantly,  in  almost  perfect  stand,  and  wiU  sometimes  cut  1} 
tons  of  hay  to  the  acre.  It  nudges  a  good  quality  of  hay  and,  when  properly  handled, 
a  good  gnde  of  i>asture.    Its  seed  habits  are  as  good  as  those  of  Kentucky  bluegrass. 

No.  8840  was  collected  at  Virdon,  Mont.,  August  14, 1907.  The  specimen  was  over- 
matuie.    It  was  cut  about  1  inch  above  the  ground. 


Peroant- 

aseof 

moistun. 

Water-Crae  basis  (per  ont). 

Material  analynd. 

Ash. 

Ether 
•xtract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

56.11 
42.87 

Protein. 

Pento- 
sans. 

Oor  sample  No.  8840 

4.36 

6.04 
10.96 

2.5^ 
2.17 

33.96 
38.27 

3.33 
5.73 

27.32 

OBAoth^rfHunpie^ 

Avflngeofbotta..... 

8.00 

2.37 

36.11 

48.99 

4.53 

1  Montana  Report,  1902,  p.  66. 
POA  NEMOBAUS  L. 

Poa  nemoralis  is  a  valuable  species  which  reaches  its  characteristic  development  in 
woodland  meadows  and  has  a  wide  distribution  in  both  the  North  American  and 
Bonttdan  continents.  There  are  few  species  that  possess  such  an  altitudinal  varia- 
tion of  distribution.  It  ranges  from  2  or  3  inches  in  height  at  the  snow  line  to  2  feet 
or  more  in  favored  situations  at  the  base  of  the  mountain.  While  it  is  an  important 
grass  and  one  relished  by  all  kinds  of  live  stock,  it  is  never  abundant  enough  to  be  of 
fint  importance.  It  commonly  grows  in  large  isolated  bunches  in  fovorab  le  situations 
it  lower  levels;  higher  up  in  the  mountains  the  bunches  are  smaller  and  the  plants 
more  dwarfed.  In  palatability  to  stock  and  general  characteristics  of  value  it  stands 
very  close  to  Kentucky  bluegrass.  Its  habits  of  growth,  however,  are  not  as  good. 
Its  seed  habits  are  just  as  desirable  for  a  cultivated  species  as  those  of  Kentucky 
bhiegrasB. 

.  No.  8869  was  collected  at  Summit,  Mont.,  August  15,  1907.    The  specimen  was 
in  early  blossom  and  was  cut  close  to  the  ground. 
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Percent- 

aeeof 

numture. 

Water-free  basis  (per  cent). 

Material  analy2ed. 

ASh. 

Ether 
extract. 

Grade 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  No.  8869 

7.52 

6.88 
0.30 

1.69 
2.69 

31.06 
32.01 

52.84 
61.47 

8.52 
7.63 

22.84 

Avwugft  of  9  othftfR  * 

Avflrage  of  all . .  ^ 

6.26 

2.69 

31.92 

61.60 

7.63 

1  Connecticut  Report,  1888,  p.  101;  1889,  p.  248.  Mississippi  Report,  1895,  p.  92.  Montana  Report,  1902, 
p.  66.    New  York  Report,  1886,  p.  365.    South  Dakota  Bui.  40,  p.  130.    Wyoming  Bui.  87,  p.  82. 

POA  ORCimiANA  VaMy. 

Poa  orcutiiana  is  a  species  which  is  characteristic  of  the  western  slope  of  the  southern 
Sierras.  1 1  is  a  highly  pri zed ,  important  pasture  grass.  Like  some  of  the  other  species 
of  the  P.  budleyana  group,  it  grows  in  large  bunches.  At  the  present  time  the  weedy 
bromes  and  fescues  are  the  most  conspicuous  grasses  in  the  upper  foothills,  where  this 
species  grows,  and  are  much  lees  palatable  to  live  stock.  This  grass  is,  therelore, 
closely  cropped  upon  all  the  pasture  lands  of  the  section.  In  the  localities  where  the 
specimen  cited  below  was  secured,  it  grew  in  almost  pure  stands  on  steep,  bare, 
northern  slopes  of  the  mountains. 

No.  9103  was  collected  at  Caliente,  Cal. ,  March  24, 1908.  The  sample  was  in  very  early 
blossom  and  was  cut  as  close  to  the  ground  as  practicable.  Its  percentage  of  moisture 
was  1.66.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  7.96; 
ether  extract,  3.21;  crude  fiber,  31.72;  nitrogen-free  extract,  48.02;  protein,  9.09; 
pentosans,  24.29. 

POA  SCABRELLA  Bratlu 

Poa  acabreUa  is  a  palatable  species  of  bluegrass,  but  strictly  of  secondary  importance, 
because  it  never  occurs  abundantly.  It  is  found  in  open  gravelly  ground  and  also  in 
partial  shade  of  timber  throughout  the  Pacific  States  from  Oregon  southward.  It  was 
doubtless  formerly  of  much  more  importance  before  the  native  plants  were  replaced  by 
the  introduced  annuals  now  everywhere  dominant  in  the  region. 

No.  7116  (E.  O.  W.)  was  collected  at  Moorpark,  Cal.,  April  18,  1913.  The  specimen 
was  just  coming  into  flower.  Its  percentage  of  moisture  was  6.59.  Other  constituents 
(on  a  water-free  basis)  were  as  follows:  Ash,  5.30;  ether  extract,  2.24;  crude  fib^n*, 
35.22;  nitrogen-free  extract,  50.68;  protein,  6.56;  pentosans,  26.50. 

POLYPOGON  MONSPEUBNSIS  (L.)  DmT. 

Polypogon  monspeliensis  is  a  foreign,  annual,  short-bearded  grass,  widely  introduced 
in  this  country  from  Maine  to  California.  It  is  especially  abundant  in  moist  alluvial 
soils  of  the  Great  Basin  and  California  regions.  Its  best  growth  is  attained  ia  the 
edges  of  fresh-water  ponds  and  streams  where  the  warm  waters  are  but  2  or  3  tnclirn 
in  depth.  In  such  small  areas  it  often  forms  a  pure  growth  and  attains  a  hei^^  «C  12 
to  24  inches.    It  is  readily  eaten  in  the  green  c>\dition  by  stock. 

No.  8879  was  collected  near  The  Dalles,  Oreg.,  August  22,  1907.    llie  sam|te  ^ 
completely  dried  up  and  was  cut  close  to  the  ground. 


Percent- 
age of 
moisture. 

Water>free  basis  (per  cent). 

Material  analyzed. 

Aah. 

Ether 
extract. 

Crude 
fiber. 

Nitrogeo- 

free 
extract 

Protein. 

at- 

Our  sample  No.  8879 

6.99 

11.26 
11.88 

2.21 
2.96 

26.93 
21.89 

63.39 
60.96 

6.21 
12L33 

2l.« 

One  other  sample  > 

Average  of  both 

11.67 

2.68 

24.41 

62.17 

9.27 

.... 

^  Colorado  Bui.  12,  p.  99. 
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PUOdNBLUA  AnOIDBS  (N«tt.)  Wate.  md  CMlt. 

PiueineUia  airoidet  is  disdiicdy  a  salt-graaB,  and  it  ia  much  more  palatable  to  stock 
ftan  most  graasee  which  inhabit  salt  mardies.  It  is  not  only  able  to  withstand 
laige  amounts  of  soluble  salts  in  the  soil,  but  will  grow  in  situations  where  water  holding 
a  laige  amount  of  the  same  ingredients  in  solution  stands  on  the  groand  for  a  month  or 
more  at  a  time.  Indeed,  it  is  in  the  edge  of  salt  waters  of  this  kind  that  the  species 
appears  to  be  at  home.  When  found,  it  is  usually  growing  almost  to  the  exclusion  of 
everything  else,  but  commonly  in  very  restricted  areas,  bom  northern  Arizona  north- 
ward through  the  Great  Basin  and  Great  Plains  regions. 

No.  8814  was  collected  at  Devils  Lake,  N.  Dak.,  August  11, 1907.  The  sample  was 
from  overripe  specimens  growing  in  tiie  edge  of  brackiah  waters.  It  was  cut  at  the 
iorface  of  the  water  2  inches  above  the  ground. 


Peroent- 

ageof 

moisture. 

Water-free  basis  (pm  cent). 

Material  aaalyted. 

Aah. 

EUier 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

Pento- 
sans. 

Our  sample  Na  8814 

4.58 

7.86 
7.50 

2.67 
2.44 

31.72 
33.46 

49.20 
61. 1» 

8.55 
5.41 

25  89 

Avaage  of  2  othm  ^ 

ATerage  oC  alL 

7.62 

2.52 

32.88  1        MiLt 

6.45 

1  Montana  R^Mrt,  1902,  p.  06;  Wyoming  Bui.  65,  p.  30. 
9CLBBOPOGON  BREVIPOLnJS  Pbllip»i. 

Sdderopogon  brevifoHus  is  a  peculiar-awned,  stoloniferous,  rigid-leaved  species, 
inhabiting  the  drier  situations  of  the  arid  Southwest.  Sometimes  It  is  the  only  vege- 
tattcm  over  considerable  areas,  and  it  makes  almost  a  continuous  cover  only  in  rare 
instances.  It  is  difficult  to  conceive  of  stock  being  driven  to  such  an  extremity  as  to 
eat  tills  species.  Such,  however,  sometimes  is  the  case,  but  it  is  only  rarely  observed 
to  be  touched. 

No.  8601  was  collected  near  Deming,  N.  Mex.,  September  29,  1906.  The  sample 
was  all  green  with  the  exception  of  the  spike ,  which  was  entirely  dead  and  dry .  Many 
old  leaves  were  attached  to  the  base  of  the  culm  and  consequently  were  included  in 
the  sample,  which  was  cut  close  to  the  eround.  Its  percentiage  of  moisture  was  3.56. 
Other  constituents  (on  a  water-free  basis)  were  as  as  follows:  Ash,  8.59;  ether  extract, 
2.02;  crude  fiber,  30.41;  nitrogen-free  extract,  51.26;  protein,  7.78;  pentosans,  26.94. 

STTANION  BBEVIFOLIUM  J.  G.  8. 

*Ab  a  filler  in  barren  places,  among  rocks,  and  in  the  shade  of  bushes  Sitanion  brevi- 
fotktm  is  of  secondary  importance  only.  It  extends  throughout  the  highland  region 
from  Wyoming  into  northern  Mexico. 

No.  7142  (E.  O.  W.)  was  collected  in  the  San  Andreas  Mountains,  N.  Mex.,  May 
^,  1913.    The  specimen  was  in  full  head,  but  not  yet  in  blossom. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Haterialaoalyied. 
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OiMothOT  sample  1.  ..*...'....*. 

4.48 

9.52 
10.68 

2.24 
2.31 

34.50 
3ft.  72 

45.56 
40.84 

8.18 
9.45 

27.70 

Averase  of  both 

10.10 

2L27 

35.61 

43.21 

8.81 

i  Wyoming  Bui.  87,  p.  86. 
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SITANION  LONGIFOLIUM  J.  G.  S. 

The  genus  Sitanion  in  general  does  not  contain  graases  which  are  considered  to  be 
of  much  value  for  either  pasture  or  hay.  Sitanion  longifoliufn,  however,  grows  in 
large  clumps  and  furnishes  a  small  amount  of  very  valuable  grazing  up  to  the  time  it 
heads  out.  After  this  the  awns  and  brittle  spikes  are  very  annoying,  but  when  these 
have  disappeared,  in  late  maturity,  it  is  again  relished  by  stock.  The  feed  produced 
by  it  appears  to  be  of  very  fair  quality  early  in  the  season,  but  it  is  smaU  in  amount. 

No.  9555  was  collected  near  Prescott,  Ariz. ,  Sept.  7, 1908.  Its  percentac^e  of  moisture 
was  7.08.  Other  constituents  (on  a  water-free  basis)  w^e  as  follows:  A^,  7.02;  ether 
extract,  2.18;  crude  fiber,  35.08;  nitrogen-free  extract,  47.89;  protein,  7.83;  pentoews, 
26.69. 

SITANION  PUBIFLORUM  J.  G.  S. 

So  far  as  forage  value  is  concerned,  the  remarks  under  Sitanion  Umgifolium  apply 
equally  well  to  S.  pubiflonim. 

No.  8341  was  collected  near  Ashfork,  Ariz.,  May  30,  1906.  The  specimen  was  com- 
pletely headed  out,  but  was  mostly  under  blossom.  It  was  cut  if  to  2  inches  high. 
Its  percentage  of  moisture  was  8.13.  Other  constituents  (on  a  water-free  basis)  were 
as  follows:  Ash,  19.51;  ether  extract,  1.55;  crude  fiber,  31.64;  nitrogen-free  extract, 
38.59;  protein,  8.71;  pentosans,  12.18. 

SPARTINA  CYNOSUROIDBS  (L.)  WIBd. 

The  giant  cord-grass  (Spartina  cynosuroides)  is  a  familiar  species  in  lowland  pastures 
and  meadows  of  the  States  as  far  west  as  Colorado  and  Texas.  like  the  other  two 
species  of  this  genus  discussed  in  this  report,  it  is  rank,  tough,  and  wiry,  but  in  spite 
of  this  it  makes  a  very  fair  quality  of  hay  and  is  readily  grazed  by  stock,  especially 
when  young.  The  hay  it  produces,  if  cut  in  proper  season  and  when  not  too  rank,  is 
of  very  good  quality  and  weighs  heavily.  Its  natural  habitat  is  in  moist  bottoms  and 
swales,  where  it  may  often  be  found  growing  almost  pure,  but  never  fuming  tuasocks. 
On  the  other  hand,  like  S,  gracilis^  the  culms  are  isolated,  and  it  propagates  almost 
entirely  by  running  rootstocks. 

No.  8796  was  collected  near  Fargo,  N.  Dak.,  August  10,  1907.  The  sample  "wbs  in 
late  blossom  in  an  entirely  ^preen  and  fresh  condition,  but  coarser  than  is  usually  cut 
for  hay.    It  was  harvested  3  inches  above  the  ground . 


Percent- 
age of 
moistuie. 

Water-free  basis  (per  oeot). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 

free 
extract 

Protein. 

Peoto* 

Oar  sample  No.  8796 

5.03 

7.20 
6.10 

1.77 
2.27 

37.50 
36.76 

46.16 
47.22 

7.37 
7.66 

aa.04 

Average  of  19  others  i 

Average  of  alL 

6.16 

2.25 

36.70 

47.16 

7.64 

1  Canada  Central  Experiment  Farm  Bui.  19,  p.  32.  Connecticut  Report,  1880,  p.  346.  Iowa:  BaL  11, 
pp.  456, 478;  Bui.  56,  pp.  506. 507.  Montana  Report,  1902,  p.  67.  South  Dakota:  uuL  40,  p.  04;  BuL  114, 
p.  546.    U.  S.  Department  of  Agriculture  Rq>ort  No.  32, 1884,  p.  125. 


SPARTINA  GRACIUS  IMn. 

Spartina  gracilis  is  the  species  commonly  known  as  the  small  cord-grasB,  in  contra- 
distinction to  the  giant  cord-grass  {S.  cynosuroides).  Unlike  the  larger  speciefl,  thi^ 
one  seldom,  if  ever,  grows  in  piu^  stands.  On  the  other  hand,  it  is  found  in  Bcatteriij 
individuab  among  other  vegetation,  from  the  Dakotas  and  Kansas  westward  to  Oali< 
fomia.  It  is  almost  invariably  found  in  somewhat  alkaline  soils,  in  moist  situatioiiJ 
in  river  and  lake  bottoms,  and  other  places  of  a  similar  nature.    It  is  a  tough,  wixf 
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^pedeSf  but  in  spite  of  this  it  is  a  valuable  adjunct  to  the  hay  crops  where  it  is  included 
and  is  readily  grazed  by  cattle. 

No.  8881  was  collected  at  The  Dalles,  Oreg. ,  August  22, 1907.    The  sample  represents 
the  plant  in  a  state  of  early  maturity,  cut  2  inches  high. 


P«ro«nt- 

ageof 

molstiin. 

Water-frw  basis  (per  ootit). 

Material  analyved. 

Ash. 

Etlkcr 
extract. 

Crude 
fiber. 
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free 
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Protein. 

PenU>- 
sans. 

OivauiipIeNo.8881 

6w05 

0.58 
7.00 

L02 
2.02 

3L96 
as.  30 

SL79 
46.30 

4.76 
8.20 

28.80 

ATfngeof3otiier8i 

Avera^ofall. 

7.66 

2.00 

35.21 

47.74 

7.40 

1  South  Dakota  BuL  60,  p.  0.    Wyominc:  Bui.  76,  p.  58;  Bui.  87,  p.  88. 
SPASnNA  JUNCIFOSMIS  Bnf efais.  and  Qrmj. 

Spartina  junciformis  is  also  a  salt-loving  plant,  being  found  along  the  Gulf  coast 
from  Texas  to  Florida.  It  is  usually  accepted  by  stockmen  as  an  indication  of  the 
pieaence  of  cconmon  salt  in  the  soils.  Among  the  Mexican  population  of  southwest 
Texas  the  grass  is  universally  known  as  sacahuiste,  and  this  is  the  common  popular 
designation  of  the  plant  even  among  the  Americans.  It  is  an  exceedingly  important 
and  useful  grass  from  many  points  of  view.  It  is  largely  grazed  along  the  toaat  and 'is 
often  the  mainstay  during  long  periods  of  drought,  and  some  herds  live  on  it  continu- 
insty.  Cattle  and  hcnrsee  will  eat  the  old  growth  when  driven  to  it,  but  the  common 
way  ol  handling  it  is  to  bum  the  old  grass  off  in  small  areas  at  intervals  ol  two  or  three 
we^  thus  covering  the  entire  pasture  and  furnishing  fresh  growth  during  the  entire 
season.    Stock  appear  to  be  fond  ol  this  young  growth. 

Thk  species  has  been  in  the  past,  and  is  to  some  extent  yet»  extensively  used  as  a 
thatch  plant,  and  it  appears  to  the  casual  observer  much  better  adapted  for  this 
purpose  than  for  forage.  Its  durability  is  certainly  remarkable  when  properly  laid 
upon  roofs.  Buildings  have  been  seen  which  were  thatched  with  this  grass  over  30 
years  ago  and  are  still  in  fairly  good  condition. 

Like  Sporobolus  airoideSj  which  inhabits  alkaline  soils  in  more  interic^  situations, 
Spartina  junciformis  has  two  distinct  habits  of  growth.  About  the  inland  limit  of  its 
development  it  is  likely  to  be  foimd  in  very  large,  compact  bunches,  while  closer 
to  the  coast,  where  conditions  are  more  favorable  and  its  growth  is  consequently  more 
abundant,  its  bimch  character  is  to  a  large  extent  obliterated. 

No.  90G4  was  collected  near  Cactus,  Tex.,  March  12,  1908.  The  sample  consists  of 
yoong  growth,  4  to  6  inches  high,  and  probably  none  of  it  was  over  three  weeks  old. 
Its  percentage  of  moisture  was  3.67.  Other  constituents  (on  a  water-free  basis)  were 
as  foUows:  Ash,  12.33;  ether  extract,  1.97;  crude  fiber,  31.05;  nitrogen-free  extract, 
46.28;  protein,  8.37;  pentosans,  23.59. 

SPOROBOLUS  AIBOIDBS  Terr. 

Sporobolus  airoides,  to  which  the  name  alkali  saccaton  has  been  applied  by  some, 
is  one  of  the  most  important  native  pasture  and  hay  grasses  of  the  alkaline  river  and 
lake  bottoms  from  South  Dakota  to  Texas  and  westward .  In  some  sections  it  is  known 
as  salt-grass.  It  has  two  distinct  habits  of  growth.  In  portions  of  the  valley  of  the 
Rio  Grande  and  its  tributaries,  particularly  the  Pecos,  it  forms  a  continuous,  smooth, 
quite  uniform  growth,  approaching  a  turi.  In  other  situations  it  grows  in  bunches. 
On  the  whole,  the  latter  is  the  more  common  and  characteristic  aspect.  While  able 
to  withstand  laige  amounts  of  soluble  salts  in  the  soil,  such  conditions  do  not  appear 
to  be  necessary  for  its  perfect  development.  Upon  the  saline  bottoms  of  the  valley  of 
the  Little  Colorado  in  Arizona,  for  instance,  it  may  make  a  uniform  growth,  or  it  may 
glow  in  bunches  2  feet  high;  and  upon  the  sandy  bluffs  and  hillsides,  under  still 
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more  arid  conditions,  the  plants,  although  scattering,  may  be  fully  as  tall,  although 
bearing  fewer  culms.  It  withstands  much  abuse  in  the  shape  of  close  grazing  and 
trampling  by  stock,  especially  upon  the  bottom  lands  where  soils  are  heavy  and  hard. 
In  sandy  areas,  of  course,  it  is  easier  to  kill  out.  In  the  Pecos  Valley  in  New  Mexico, 
injury  has  been  done  to  cattle  by  allowing  them  to  graze  upon  this  grass  at  certain 
seasons  of  the  year.  It  is  the  opinion  of  close  observers,  however,  that  the  grass  was 
not  at  fault,  but  that  the  injury  was  done  by  the  soluble  salts  in  the  soil,  these  salts, 
by  creeping  up  the  grass  stems  during  moist  weather  and  by  being  eaten  along  with 
the  grass,  produce  the  deleterious  effects. 

There  are  very  extensive  areas  of  this  grass  in  the  Cheno  Valley  of  northern  Arizona, 
which,  owing  to  oveigrazing,  resemble  the  tussocky  condition  of  Sporobolus  wrightHy 
described  later.  It  is  evident  that  the  condition  produced  by  oveigrazing,  if  con- 
tinued, will  gully  out  the  valley  to  such  an  extent  that  the  bottom  lands  will  be  as 
unproductive  as  the  hills  surrounding.  In  the  year  1908,  1  to  1}  tons  of  hay  to  the 
acre  of  this  grass  could  be  cut  upon  the  lands  which  had  not  become  tussocky. 

No.  8324  was  collected  at  Bakersfield,  Cal.,  May  27, 1906.  The  specimen  grew  on 
apparently  nonalkaline,  well-drained^  sandy-loam  soil,  where  the  ground  had  been 
disturbed  somewhat,  producing  magnificent  laige  bunches  of  the  plant.  The  sample 
was  cut  when  the  seed  was  in  the  dough,  2  to  3  inches  above  the  ground,  care  being 
t^en  to  include  all  of  the  root  leaves.  No.  8575  was  collected  at  Tempe,  Ariz., 
September  24,  1906.  The  sample  new  in  what  appeared  to  be  strongly  alkaliiie  soU. 
It  was  a  much  smaller  sample  tnimNo.  8324  and  was  cut  close  to  the  ground  when  the 
seed  was  nearly  mature. 
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extract 
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Our  sample  No.  8324 

6.10 
2.79 

9.82 
12.48 
7.63 

1.63 
1.62 
1.83 

32.56 
33.04 
32.02 

48.20 
46.17 
49.41 

7.99 
6.69 
9.11 

25.92 

Our  sample  No.  8675 

34.04 

Average  of  7  otJ^ers  * 

Average  of  all 

8.39 

1.78 

32.19 

48.92 

8w72 

1  Colorado  Bui.  12,  p.  74.    New  Mexico  Bui.  17,  p.  36.    Wyoming:  Bui.  76,  p.  60;  Bui.  87,  p.  89. 
SPOROBOLUS  ASPBRIFOUUS  ThwbW. 

Sporobolus  asperi/olius  is  a  species  that  can  be  justly  considered  one  of  the  aalt- 
grasses  of  this  country.  It  is  almost  invariably  found  in  salty  bottom  lands  from  the 
Mississippi  westward.  Its  habit  of  growth,  by  creeping  rootstocks,  and  its  partiality 
for  heavy  adobe  soils  make  it  one  of  the  most  persistent  grasses  under  heavy  grazing. 
It  is  not  as  much  relished  by  stock  as  many  species,  but  it  probably  is  about  equal  tc 
the  familiar  salt-grass  DistichXis  spicata.  It  never  gets  tall  enough,  excepting  when 
growing  among  other  grasses,  to  be  cut  for  hay,  and  when  in  pure  stands  it  ia  atmoeil 
impossible  to  cut  it  with  a  mower. 

No.  8819  was  collected  at  Devils  Lake,  N.  Dak.,  August  11,  1907.  The  sample  wm 
cut  close  to  the  ground  and  represents  the  species  in  early  blossom. 


Percent- 
age of 
moisture. 
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Crude 
fiber. 

Nitrosen- 

free 
extract. 

Protein. 

P«nto- 
auia. 

Out  sample  No.  8819 

7.43 

9.69 
6.80 

2.92 
2.00 

27.83 
36.64 

52.84 
49.04 

6.72 
6. 52 

28.^ 

Average  of  2  others' 

Average  of  all 

7.76 

2.31 

33.70 

50.31 

5.92 

»  Mississippi  Report,  1888,  p.  33;  South  Dakota  Bui.  40,  p.  80. 
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SPORODC».US  AURICULATUS  Vaaey. 

Such  spedee  as  Sporobolus  auriculattts  are  in  the  aggregate  of  considerable  impor- 
tiDce,  as  they  add  a  great  deal  to  the  sum  total  of  the  pasturage.  This  one  is  never 
abundant  enough  to  give  character  to  the  v^etation.  It  is  apparently  of  limited 
distiibutioii  in  southwestern  Texas  and  southern  New  Mexico.  It  commonly  occurs 
QD  more  or  less  alkaline  soils. 

No.  7063  (E.  O.  W.)  was  collected  on  the  mesas  near  Las  Cruces,  N.  Mex.,  October 
3,  3912.  Its  percentage  of  moisture  was  3.85.  Other  constituents  (on  a  i/tater-free 
basifl)  were  as  follows:  Ash,  10.46;  ether  extract,  2.26;  crude  fiber,  33.42;  nitrogen- 
free  extract,  48.11;  protein,  6.75;  pentosans,  25.72. 


SPOROBOLUS  BREVirOLICS  (N«tt.)  i 

SporcMus  brevifolius  is  a  short-leaved,  tough,  wiry,  low,,  drop-seeded  grass,  a 
oommon  and  even  conspicuous  species  upon  dry  second  bottoms,  hillsides,  and 
upland  prairies,  especially  of  the  Great  Plains  r^on.  It  forms  a  complete  ground  cover 
in  only  very  limited  areas,  but  is  commonly  scattered  among  other  grasses  and  is  an 
important  ingredient  of  the  make-up  of  the  forage  cover  of  the  rolling  prairies.  The 
quality  of  feed  i»t)duced  by  it,  whether  hay  or  pasture,  ib  low,  probably  largely  on 
accoontof  its  tough,  wiry  nature.  Under  conditions  of  short  pasturage,  however,  it  is 
ahrmyB  closely  grazed. 

No.  8829  was  collected  at  Williston,  N .  Dak. ,  August  11 ,  1907.  The  sample  represents 
the  i^nt  in  early  maturity,  cut  at  the  surface  of  the  ground. 


Percent- 
n^sture. 

Water-free  basis  (per  cent). 

MataridtoalyMd. 

AalL 

Ether 
extract 

Grade 
fiber. 

Nitrogen- 

free 
extract. 

Protein. 

Pento- 
sans. 

Ov  aaomle  No.  8829 

5.76 

9.04 
6.47 

2.83 
2.29 

30.88 
33.90 

60.87 
50.24 

6.48 
7.10 

26.83 

Av«99Dbf4o^b«ni 

Awageofall 

7.16 

2.40 

33.30 

50.37 

6.77 

1  Montana  Report,  1902,  p.  66.    Wyoming:  Bid.  70,  p.  32;  Bui.  87,  p.  88. 
SPOSOBOLUS  CRYPTANDRUS  (Torr.)  Gray. 

Ah>«nffg*'  tough  and  wiry,  like  the  other  species  of  the  genus,  Sporobolus  aryplandnut 
m  of  great  importance,  along  with  some  of  the  closely  related  forms,  especially  upon 
Ife  BKDdy  boidi  and  mesa  lands  of  Arizona  and  New  Mexico.  Its  distribution,  how- 
ever, IB  yery  wide,  extending  frcnn  here  to  New  England.  It  fumidies  a  great  deal  of 
ktA  in  the  Soathwestem  States. 

Ho.  8395  was  collected  near  Green,  Tex.,  August  14,  1906.  The  sample  was  fully 
■atoie,  but  only  a  little  of  the  seed  had  shattered.  It  was  cut  about  2  inches  high. 
Xo.  9553  was  collected  at  Prescott,  Ariz.,  September  7, 1908.  The  plant  was  ripe, 
bat  itili  green,  and  it  was  cut  close  to  the  ground. 


Percent- 

ace  of 

mobture. 

Water-free  basis  (per  cent). 

XatariUaiMayzed. 

Aah. 

Ether 
extract 

Crude 
fiber. 

Nitrogen- 
free 
extract 

Protein. 

Pento- 
sans. 

OvaaplBNo.8306 

6.59 
6.43 

7.48 
6.36 
7.19 

1.38 
1.30 
1.80 

34.71 
31.30 
33.98 

47.66 
54.00 
49.17 

8.77 
6.95 

7.86 

23.07 

OvaBpleNo.9663 

20.09 

*"Tvno  trf  9  othffs  ^        -  -  -    - 

ATWUftof  ftll 

7.06 

1.67 

33.49 

50.03 

7.86 

1  Montana  Report,  1902,  p.  66;  Wyoming  Bui.  87,  p.  90. 
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SPOROBOLUS  FLRXU08US  (Tkorbcr)  Rydb. 

Sporobolus  flexuosus  is  a  familiar  species  of  rather  wiry  but  palatable  grass,  inhabit- 
ing sandy  lands  from  southwestern  Texas  to  Nevada.  It  grows  in  scattering  small 
bunches,  2  feet  or  more  hig^.  In  some  situations  it  grows  almost  pure,  but  it  never 
makes  a  thick  stand.  Commonly  on  the  looser  sands  it  is  found  only  in  scattering 
bunches  among  other  species.  It  is  palatable  to  stock  in  all  stages  and  is  OHise- 
quently  closely  grazed. 

No.  7073  (E.  O.  W.)  was  collected  near  Las  Graces,  N.  Mex.,  September  21,  1912. 
No.  8602  was  collected  at  Deming.  N.  Mex.,  September  29, 1906.  It  was  fully  mature, 
but  still  green.    It  was  harvested  about  1  incn  high. 


Pero0Dt- 

aeeof 

moisture. 

Water-free  basis  (per  cent). 

Material  analysed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protefai. 

Peoto- 

saos. 

Oorsample  No.  mi  (E.  O.  W.). 

3.57 
4.57 

6.00 
6.09 

L33 

1.39 

35.94 
32.07 

5L29 
50.97 

&S4 

8.58 

34.64 
2186 

A vwage  of  both 

4.07 

6.49 

1.31 

34.01 

51.13 

7.06 

23.75 

SPOROBOLUS  GIGANTEUS  Nash. 

Sporoboliis  giganieuB  is  one  of  the  most  striking  of  the  species  of  **dropeeed,"  grow- 
ing invariably  in  sandy,  loose  lands,  especially  in  New  Mexico  and  western  Texas. 
It  grows  scatteringly  in  large  clumps  with  culms  3  or  4  feet  hig^  and  furnishes  a  large 
amount  of  pasturage. 

No.  7068  (E.  O.  W.)  was  collected  on  the  sand  hills  northeast  of  Las  Cruces,  N.  Mex., 
September  8,  1912.  Its  percentage  of  moisture  was  4.32.  Other  constituents  (on 
a  water-free  basis)  were  as  follows:  Ash,  5.77;  ether  extract,  0.98;  crude  fiber,  43.47; 
nitrogen-free  extract,  45.46;  protein,  4.32;  pentosans,  25.63. 

SPOROBOLUS  INDICUS  (Trin.)  R.  Br. 

Sporobolus  indicuSf  a  characteristic  species  of  the  Southern  States,  is  said  to  have 
been  introduced  from  tropical  regions,  although  it  often  has  all  the  appearance  of 
a  native  species.  Being  coarse  and  early  becoming  woody,  it  is  a  grass  of  secondary 
importance,  but  where  feed  is  scarce,  and  especially  in  waste  places  and  partially 
disturbed  ground,  i  toften  makes  a  good  growth  and  furnishes  considerable  grazing. 

No.  8724  was  collected  at  Jacksonville,  Fla.,  June  8, 1907.  The  sample  represents 
plants  in  full  fruit,  but  perfectly  green.    They  were  cut  at  the  surface  of  the  ground. 


Percent- 
am  of 
moisture. 

Water-free  basis  (per  oent). 

Material  analyzed. 

Ash. 

Ether 
extract. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Protein. 

P«oto> 
saos. 

Our  sample  No.  8724 

5.50 

8.18 
«.99 

1.04 
3.80 

20.88 
23.87 

54.43 
53.05 

5.57 
1120 

87.68 

Average  of  8  others  ^ 

Average  of  all 

7.39 

3.33 

25.37 

58.40 

10l61 

1  Connectiout  Report,  1870,  p.  153;  South  Carolina  Report,  1*888,  p.  132:  U.  S.  Department  of  AgricoUura 
Report  No.  32,  l^p.  126.  ''^        '  *~    »        ri-        .  yi—  v-*^^*M^^am 
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SPOBOBOLCS  GSACDJS  (Tilik)  MmtWL 

Sporobolus  gracilis  is  a  tough,  wiry  species  to  which  some  have  applied  the  name 
ruah-grasB.  Indeed,  it  resembles  in  texture  some  of  the  wiry  rushes  and  produces  a 
feed  not  unlike  them  in  texture.  So  far  as  our  experience  goes,  it  is  not  a  grass  rel- 
islied  by  stock.  It  inhabits  dry,  sandy  areas  from  Virginia  southward.  It  is  espe- 
cially common  in  open  pine  woods. 

No.  8731  was  collected  at  Sutherland,  Fla.,  June  14.  1907.  The  sample  was  col- 
lected in  full  blossom  by  being  cut  close  to  the  ground,.  Its  percentage  of  moistiu^ 
itras  6.55.  Other  constituents  ^n  a  water-free  basis)  were  as  foUows:  Aw,  3.43;  ether 
extract,  2.05;  crude  fiber,  35.35;  nitrogen-free  extract,  53.88;  protein,  5.29;  pento- 
eans,  30.29.  • 

WCWOBOLUS  NBALLBTI  YaMj. 

Nealley's  rush-grass  is  a  hard,  wiry  species,  inhabiting  the  gypsum  soils  of  western 
Texas  and  eastern  New  Mexico.  It  and  Bouteloua  hreviseta  grow  thriftily  upon  stable 
"gyp"  *^»  containing  as  high  as  95  per  cent  of  calcium  sulphate.  It  is  of  value 
only  because  it  is  one  of  the  few  grasses  which  will  grow  in  such  situations  and  so 
produce  a  forage  crop  where  otherwise  none  would  be  possible. 

No.  7099  (E.  O-  W.)  was  collected  upon  the  white  sands  west  of  Alamogordo,  N .  Mex., 
October  21,  1912.  Its  percentage  of  moisture  was  6.16.  Other  constituents  (on  a 
water-free  basis)  were  as  follows:  Ash,  9.27;  ether  extract,  1.61;  crude  fiber,  36.26; 
idtiogen-free  extract,  43.60;  protein,  9.26;  pentosans,  21.79. 

SPOROBOLUS  RAMUL08US  Eutiu 

Sporobolus  ramuhsiLS  is  one  of  the  annual  species  of  drop-seeded  grass  of  very  little 
value,  although  it  is  grazed  to  some  extent  by  sheep.  It  grows  only  in  loose  tem- 
porary sand  washes  and  depressions.  It  is  small,  light,  delicate,  and  not  of  much 
▼alue. 

No.  9538  was  collected  at  Prescott,  Ariz.,  September  1,  1908.  Its  percentage  of 
moiBture  was  6.88.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
7.35;  ether  extract,  2.22;  crude  fiber,  30.56;  nitrogen-free  extract,  50.08;  protein, 
9.79;  pentosans,  23.93. 

SPOROBOLUS  8TRICTUS  (Scriim.)  MerriH. 

Although  rather  tough  and  hard,  Sporobolus  strictus  is  a  very  important  pasture 
grass  in  many  of  the  sandy  regions  of  Arizona,  New  Mexico,  and  western  Texas.  It  is 
well  adapted  to  dry,  sandy  soils,  where  it  grows  scattering! y  to  a  height  of  2  to  2i 
leet,  producing  for  the  region  a  large  quantity  of  apparently  nutritious  feed.  It  is 
readily  grazed  by  stock,  and  where  close  pasturing  occurs  it  is  invariably  closely 
cropped. 

No.  8947  ¥ras  collected  in  the  foothills  of  the  Santa  Rita  Mountains,  Ariz.,  Sep- 
tember 24,  1907.  The  sample,  although  ^reen,  had  fully  matiu^d  its  seed.  It  was 
a  rank  specimen  and  was  cut  3  inches  high.  Its  percentage  of  moisture  was  7.14. 
Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  6.87;  ether  extract, 
1.13;  crude  fiber,  35.42;  nitrogen-free  extract,  50.93;  protein,  5.65;  pentosans,  21.59. 

SPOROBOLUS  TIBGINICUS  (L.)  EanOu 

Sporobolus  virginicus  is  a  familiar  grass  of  the  Southern  States  that  grows  mostly  in 
medium-sized  bunches  and  propagates  by  running  rootstocks.  Like  most  species  of 
this  genus,  it  is  tough  and  wiry,  but  it  appears  to  be  quite  extensively  grazed  where 
the  specimen  was  collected.  It  is  of  especial  interest,  inasmuch  as  it  secretes  a  salty 
substance  with  which  the  entire  vegetative  portion  may  be  covered,  much  like 
DisHddis  spicata,  Leptochloa  viscida,  and  some  other  western  grasses. 

No.  8732  was  collected  at  Sutherland,  Fla.,  June  14,  1907.  The  sample  was  col- 
lected when  the  plant  was  in  full  blossom,  and  was  harvested  close  to  the  ^und. 
Its  percentage  of  moisttire  was  8.46.  OtJier  constituents  (on  a  water-free  basis)  were 
as  f^ows:  A^,  13.27;  ether  extract,  2.28;  crude  fiber,  29.41;  nitrogen-free  extract, 
46.44;  protein,  8.60;  pentosans,  25.88. 
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SPOROBOLUS  WRIGHXn  Scrlbn. 

Sporobolus  wrightii  is  the  "sacaton"  of  the  Mexicans,  and  it  is  confined  to  the 
southwestern  United  States  and  Mexico.  In  former  times  it  was  a  beautiful,  charac- 
teristic species  of  the  river  bottoms  of  the  Southwest,  forming  dense  growths  6  and 
even  8  feet  in  height,  through  which  it  was  difficult  to  ride  on  horseback.  At  the 
present  time  there  are  but  faint  traces  of  this  magnificent  growth  left.  Some  nodon 
of  its  habit  of  growth  can  be  obtained  from  Plate  I  in  Bulletin  No.  4  of  the  Bureau 
of  Plant  Industry,  United  States  Department  of  Agriculture.  Like  Sporobolus 
airoides,  it  has  two  distinct  habits  of  growth,  depending  upon  the  location  in  which 
it  is  found  and  the  treatment  which  it  receives.  As  near  as  can  be  judged,  it  made 
a  quite  uniform  stand  over  portions  of  the  Santa  Cruz  bottoms  in  southern  Arizona  in 
early  days,  but  of  late  years  it  grows  almost  invariably  in  large  tussocks  and  at  present 
there  is  very  little  of  it  left.  In  the  valley  east  of  the  Baboquivari  Mountains  in 
Arizona,  we  have  a  fine  illustration  of  the  effect  of  oveigrazlng  on  this  grass;  likewise, 
a  good  illustration  of  its  importance  in  preventing  erosion.  There  are  here  pastures 
which  were  formerly  covered  with  a  tall,  smooth,  imiform  growth  of  saccaton.  The 
grass  is  now  in  huge  bunches  and  this  bunched  condition  is  directly  traceable  to 
paths  cut  in  every  direction  by  cattle.  Invariably,  when  this  species  is  grazed  this 
condition  is  produced,  until  the  tussocks  are  often  a  foot  in  height.  Of  course,  when 
the  grazing  is  carried  to  sufficient  excess,  one  or  more  of  these  paths  become  cut  to  a 
sufficient  depth  in  the  center  of  the  valley  to  carry  off  the  water  very  rapidly.  Side 
branches  form  and  the  tussocks  are  left  high  in  the  air,  receiving  but  scant  moisture. 
Under  this  condition  they  soon  die,  and  a  great  deal  of  the  bottom  land  in  southern 
Arizona  is  to-day  in  this  condition.  In  many  places  the  tussocks  have  disintegrated 
and  disappeared  altogether.    (PI.  VIII,  fig.  1.) 

No.  8400  was  collected  near  Green ,  Tex. ,  August  14, 1906.  The  sample  was  collected 
in  full  blossom,  the  entire  plant  being  green  except  the  lower  leaves,  which  were 
dead  and  dry.  It  was  cut  4  inches  high.  Its  percentage  of  moisture  was  8.59.  Other 
constituents  (on  a  water-free  biwis)  were  as  follows:  Ash,  8.53;  ether  extract,  1.70; 
crude  fiber,  32.27;  nitrogen-free  extract,  47.93;  protein,  9.57;  pentosans,  25.89. 

STIPA  COMATA  T.  and  R. 

Stipa  comata  is  a  coarse  species  of  needle  grass  of  the  western  Plains  region,  where  it 
replaces  the  more  eastern  S.  spartea.  The  pasturage  and  hay  produced  by  it  are 
both  of  medium  quality,  but  when  found  in  hay  meadows  it  is  difficult  to  cut  the  gnsa 
at  exactly  the  proper  time  for  the  best  quality  of  hay.  The  sharp-pointed  fruits  of 
this  grass  sometimes  injure  stock  to  some  extent.  On  this  account,  cutting  the  g^rass 
after  the  seeds  have  fallen  has  been  recommended.  At  this  stage,  however,  it  has^ 
deteriorated  somewhat  in  value  and,  inasmuch  as  it  matures  earlier  than  the  other 
prairie  grasses,  it  can  not  be  cut  before  the  seeds  have  become  old  enough  to  be 
injurious.  Sheep  grazing  upon  the  prairies  are  sometimes  injured  by  having  the 
seeds  of  this  grass  work  into  the  fleece.  Mowing,  close  grazing,  or  the  removal  of  the 
flocks  from  the  localities  where  the  plant  grows  at  the  time  it  is  maturing  its  seed  aw 
the  remedies  which  have  been  suggested.  Fortunately,  the  seeds  drop  to  the  gToun<i 
very  soon  after  they  mature  and  cause  no  further  annoyance. 

No  8824  was  collected  at  Williston,  N.  Dak.,  August  11,  1907.  The  culms  of  thi 
sample  were  all  dead  and  dry  and  the  seeds  had  fallen,  with  the  exception  of  thoe^ 
mcluded  m  the  expanded  sheath.     It  was  cut  at  the  surface  of  the  ground. 
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Wtt«r-frM  basis  (per  cent). 


Percent- 
nSisture. 

Material  aiMlyswl. 

Aab. 

Ether 

Crude 
fiber. 

NttrogeD- 

free 
extract 

Piotain. 

Peoto- 

^ir  mmplci  No.  ^f^ 

5.83 

6.63 
6.71 

3.65 
2.15 

33.09 
34.56 

50.66 
40.61 

5.W 
6.97 

ao.67 

Awtnge  of  8  others  > 

Avnnf^ofal) 

6.70 

2.31 

34. 40           40. 73 

6.W 

1  Goknado  BuL  12,  p.  70.  Ifontana  Rfli>ort,  1902,  pp.  60, 66.  Nevada  Bui  62,  p.  22.  8outh  Dakota  BuL 
69,  p.  17.    Wyoming:  Bui.  76,  p.  62;  Bui.  87,  p.  93. 

SnPA  BhUNENS  Car. 

SHpa  eminens  (needle  grass)  Ib  one  of  the  original  valuable  perennials  of  California, 
which  is  found  aa  far  east  as  Texas  and  south  into  Mexico.  It  is  a  valuable,  palatable 
species,  but  has  been  so  much  reduced  in  quantity  by  close  grazing  that  it  is  now  <rf 
very  secondary  importance.  It  occurs  commonly  as  a  filler  in  rocky,  broken  country, 
and  is  of  some  use  as  a  spring  feed. 

No.  7069  (£.  O.  W.)  was  collected  upon  limestone  hills  in  the  foothills  of  the  San 
Andreas  Mountains,  neur  Las  Cruces,  K,  Mex.,  Sept^nber  8, 1912.  Its  percentage  of 
moisture  was  4.82.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
6.53;  ether  extract,  2.37;  crude  fiber,  38.67;  nitrogen-free  extract,  45.38;  protein,  7.15; 
pentosans,  28.19. 

SnPA  RiCHABDSONn  Ih^ 

Although  it  always  grows  scatteringly  upon  dry  hillsides  and  in  open  pine  timber, 
Stipa  ridiard^onii  furnishes  many  a  relished  morsel  of  feed  to  cattle  throughout  the 
region  in  ^diich  it  thrives.  It  always  grows  in  scattering  large  bunches  and  is 
invariably  closely  grazed. 

No.  8878  was  collected  at  Columbia  Falls^  Mont.,  August  17, 1907.  The  sample  was 
mature  and  was  cut  close  to  the  ground.  Its  percentage  of  moisture  was  6.06.  Other 
constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  6.45;  ether  extract,  2.07; 
crude  fiber,  35.88;  nitrogen-free  extract,  50.54;  protein,  5.06;  pentosans,  28.37. 

8TIPA  SETIGERA  Preel. 

SHpa  setigera  is  decidedly  conspicuous  in  southern  California,  growing  like  many 
of  the  other  species  of  the  genus  in  laige,  tall,  spreading  bimches  often  3  feet  in  height. 
It  appears  to  make  a  very  fair  quality  of  pasturage,  but  is  never  abimdant  enough  to 
give  a  distinctive  character  to  the  fc^age  outside  of  very  circimiscribed  areas,  and 
Dowh^e  does  it  form  a  c<»nplete  stand. 

No.  7040  (E.  O.  W.)  was  collected  near  San  Luis  Obispo,  Cal.,  April,  1912.  No. 
8288  was  collected  near  Bannine,  Cal.,  May  14,  1906.  This  sample  was  nearly  mature 
and  was  cut  about  2  inches  high. 


Percent- 
age Of 
mototure. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Ash. 

Ether 
extract. 
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free 
extract. 
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Pentp- 
sane. 

Oar  sample  No.  7040  (E.  O.  W.) 
OPT  sample  "N".  82«8. ,  ^ 

5.29 
6.75 

10.36 
6.11 

1.50 
1.64 

34.64 
39.16 

46.32 
47.87 

7.19 
6.22 

28.35 
29.76 

A.'TpnurA  of  both         

6.02 

8.23 

1.57 

96.90 

47.20 

6.20 

29.05 
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STIPA  VASEYI  Scribn. 

Stipa  vaseifi  (common  needle  grass)  is  widely  scattered  throughout  the  Rocky  Moun- 
tain region  from  southern  Montana  southward.  Although  commonly  very  closely 
f^razed  and  in  many  instances  nearly,  if  not  quite,  exterminated  by  stock,  it  haa  a  very 
bad  reputation  in  some  localities.  It  is  known  in  the  Southwest,  especially  throng 
portions  of  New  Mexico,  as  sleepy  grass,  and  it  is  said  to  have  at  certain  times  a  very 
deleterious  effect  on  live  stock,  especially  horses,  which  graze  upon  it.  The  reliable 
information  concerning  it,  however,  is  very  meager,  and  requires  confirmatory  exper- 
imentation. It  is  an  interesting  fact  that  the  species  is  very  closely  related,  and, 
indeed,  is  considered  by  some  to  be  doubtfully  distinct  from  what  haa  repeatedly  been 
pronounced  a  valuable  species  in  the  Northwest,  namely,  Stipa  viridula.  There  ap- 
pear to  be  no  complaints  against  this  latter  species  from  the  Dakotas,  Montana,  or 
Wyoming,  where  it  is  most  abimdant.  In  places,  the  sleepy  grass  is  quite  a  conspic- 
uous ingredient  of  native  hay.  No  complaints  have  come  to  our  attention  regarding 
its  effect  upon  stock  when  fed  to  them  in  a  dry  condition.  In  some  seasons,  compara- 
tively large  quantities  of  it  are  included  in  the  hay  cut  upon  native  meadows  in  the 
Cimarron  Canyon  of  New  Mexico. 

No.  9468  was  collected  in  the  Sacramento  Mountains  of  New  Mexico,  August  5, 1906. 
The  specimen  was  in  early  blossom  and  was  cut  3  inches  high.  Its  percentage  of 
moisture  was  8.10.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
7.80;  ether  extract,  2.77;  crude  fiber,  34.08;  nitrogen-free  extract,  41.30;  protein, 
14.05;  pentosans,  20.17. 

STIPA  VIRIDULA  Trin. 

As  has  been  stated,  Stipa  viridula  is  closely  related  to  and  sometimes  considered 
indistinguishable  from  the  sleepy  grass  of  the  Southwest.  It  may  be  looked  upon  as 
the  northern  extension  of  that  species,  butit  apparently  lacks  any  injmious  qualities 
which  the  other  may  have.  It  grows  commonly  in  large  bunches  in  dry  soils  and  is 
especially  partial  to  soils  which  have  been  somewhat  distiurbed  by  scanty  cultivation. 
It  has  been  called  feather  bunch-grass,  but  the  name  is  not  in  very  common  use.  The 
quality  of  its  hay  appears  to  be  very  good  and  it  is  readily  grazed  by  live  stock. 

No.  8813  was  collected  near  Fargo,  N.  Dak.,  August  11,  1907.  The  sample  repre- 
Bents  the  plant  practically  mature,  half  of  the  seed  having  dropped  off.  It  was  nai^ 
vested  2  inches  nigh. 


Percent- 
age of 
moisture. 

Water-free  basis  (per  cent). 

Material  analyzed. 

Aah. 

Ether 
extract. 

Crude 
fiber. 

Nltrogen- 

tree 
extract. 

Protein. 

Pento- 
sans. 

Qnr  ^imDle  No.  8813 

6.24 

9.79 

7.61 

2.34 
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33.18 
30.30 

46.36 
50.61 

8.33 
8.80 

25.67 

Averaee  of  4  others  * 

Average  of  all 

8.04 

2.61 

30.87 

49.77 

8.71 

I  Colorado  Dul.  12,  p.  66;  Montana  Report,  1902,  pp.  60,  66,  67;  South  Dakota  Bui.  40,  p.  58. 
SYNTHERISMA  SANGUINAUS  (L.)  Dolac 

The  crab-grass  (Syntherisma  sanguinali3)y  like  many  other  species,  is  a  vile  weed  in 
some  sections;  in  o^ers  it  is  a  valuable  forage  plant.  It  is  remarkable  in  its  pendst- 
ency  and  volunteers  from  seed  year  after  year,  often  against  such  tenacious  species  aa 
Kentucky  bluegrass,  which  may  often  mskke  a  beautiful  lawn  in  the  spring  only  to  be 
disfigured  later  in  the  year  by  brown  patches  of  this  weedy  crab-grass.  It  is  an  intro- 
duced species,  widely  distributed  throughout  the  country  at  the  present  time.  In 
portions  of  the  South  it  is  cut  for  hay,  always  as  a  volunteer  crop.    In  many  of  the 


Digitized  by 


Google 


NATIVB  PASTUBE  0BAS81S8  07  THB  UNITED  STATES. 


51 


fimige  ofchardB  of  Florida,  where  it  volunteen  abundftntly  and  makes  a  tremendoua 
growth  after  the  heavy  fertilization  given  the  trees,  large  crope  of  a  faUr  quality  of  hay 
are  taken  off  in  the  &J1.  It  also  volunteers  in  different  sections  in  cornfields,  with 
o&er  fall  hay  crops,  and  usually  forms  an  important  ingredient  of  the  faJl  crop  of  for- 
age <hrott^out  the  South. 

No.  8730  was  collected  at  St.  Petersbuxg,  Fla.,  June  13,  1907.  The  sample  was  at 
full  maturity  and  was  cut  close  to  the  ground.  It  grew  in  a  bivorable  situation  in  a 
culdvated  field. 
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5.67 

9.1Z 
10.42 

2.39 
2.96 

25.56 
29.30 

55.31 
45.70 

7.02 
10l51 

17.11 

Avenn  of  ao  others  1 

AwsgeofaU 

10.35 

2.96 

29.21 

47.12 

10.37 

BoL  127,  p.  5.    Conneeticut  Report,  1879,  p.  156.    Florida  BuL  11,  p.  18.    Oeorgia  Bol.  0, 
~  •  "       —    "         '      ~  .  ^       116:  Report,  1902,  p.  302.    Louisiana  BoL  34,  P- 1175. 


a  HE.  Iowa  BoL  56,  p.  486.   Kentucky:  Bnl.  87,  p.  «xy, 

Ifiiiinippi:  Bui.  30,  p.  159:  R«)ort,  1896,  pp.  80, 81, 92.  Tennessee  Bui.  1,  vol.  4,  p.  7. 

^Apkmre  Report  Na  ^  1^,  p.  126.    Virginia  Bui.  180,  p.  96. 

TRICHLORIS  PASaCULATA 


U.S.  Department  of 


The  distribution  of  Trichloris/a$c%culata  is  usually  given  as  dry  plains  and  mesas,  but 
in  oar  ezpaience  it  commonly  inhabits  rather  favorable  situations  in  the  edges  of 
shallow  washes,  where  it  receives  some  benefit  from  irrigation.  It  is  distributed  from 
Texas  to  Arisona  and  southward  into  Mexico.  It  sometimes  produces  a  magnificent 
growth  in  limited  situations  in  the  Salt  River  Valley  of  Arizona,  where  irrigation  or 
seepage  water  escapes  to  lands  where  it  has  obtained  a  foothold.  In  such  situations 
it  impreases  one  as  being  a  favorable  grass  for  cultivation.  Its  seed  habits,  however, 
are  lather  against  it,  although  these  are  better  than  in  a  good  many  species  of  the  Chlo- 
rides. When  it  gets  sufiicient  moisture,  as  it  often  does  under  artificial  conditions 
in  iiT^ted  districts,  it  will  produce  two  crops  a  year,  one  in  spring  dnd  the  other  in 
midsummer.  Upon  the  open  ranges  of  the  Southwest  at  the  present  time  very  iittle 
of  it  is  seen  except  an  occasional  stray  stalk  3  feet  or  more  high  growing  in  the  pro- 
tection of  thorny  shrubs. 

No.  8385  was  collected  near  Encinal,  Tex.,  August  12,  1906.  The  sample  was  col- 
lected when  the  seed  was  fully  ripe.  A  great  deal  of  it  shattered,  but  the  straw,  leaves, 
and  calms  were  periectl^  green.  Many  of  the  root  leaves,  however,  were  dead  ana 
dnr  and  were  included  in  the  sample,  which  was  cut  2  inches  hi^.  No.  9426  was 
collected  near  Devils  River,  Tex.,  July  23,  1908.  The  specimen  was  overmature, 
the  seed  having  all  fallen,  but  the  remainder  of  the  plant  was  green  and  succulent. 
It-was  cut  about  1  inch  high. 
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TRIOENS  MUnCUS  (Torr.)  Nash. 

About  the  same  can  be  said  for  Tridena  rmUicus  as  for  T,  neaUeyiy  but  the  fonner  it 
more  abundant  and,  on  the  whole,  a  more  valuable  species.  It  has  a  wider  raqge^ 
extending  from  the  Pacific  coast  to  Texas  and  north  into  Colorado. 

No.  7065  (£.  O.  W.)  was  collected  upon  limestone  hills  in  the  foothills  of  the  San 
Andreas  Mountains,  near  Las  Cruces,  N.  Mex.,  September  8,  1912.  Its  percenta^  of 
moisture  was  5.86.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
6.04;  ether  extract,  1.72;  crude  fiber,  35.05;  nitrogen-free  extract,  49.75;  protein, 
7.44;  pentosans,  25.27. 

TBIDENS  NEALLEYI  (Vasey)  Wooton  and  Stand. 

In  many  situations  in  tl^e  mountains  and  upon  stony  ridges  and  knolls  in  southwest- 
em  Texas  and  southern  New  Mexico  Tridens  nealleyi  assumes  considerable  importance 
on  account  of  its  abundance.  It  furnishes  considerable  grazing  and  is  a  persistent 
species.    like  the  other  members  of  the  genus  it  is  of  second  quality  in  palatability. 

No.  7097  (E.  O.  W.)  was  collected  in  the  San  Andreas  Mountains,  near  Las  Cruces, 
N.  Mex.,  September  23  to  October  10,  1912.  Its  percentage  of  moisture  was  4.55. 
Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash,  5.98;  ether  extract, 
1.16;  crude  fiber,  38.02;  nitrogen-free  extract,  49.05;  protein,  5.79;  pentosans,  29.13. 

VALOTA  SACCHARATA  (Bnckl.)  Chase.  {Panicum  lacnarUhum). 

Valota  aaccharata,  a  conspicuous  and  attractive  cotton-topped  species  of  the  south- 
western United  States  and  of  Mexico,  is  of  decided  importance  to  stock  interests.  Its 
seed  habits,  however,  are  bad,  the  seed  being  covered  with  long  silky  hairs,  rendering 
it  very  difficult  to  handle.  It  is  therefore  of  doubtful  value  for  domestication.  In 
many  situations,  especially  in  the  moister  places  in  the  desert  foothills  of  Arizona  and 
the  plains  of  Texas,  it  grows  almost  pure  over  laige  areas  and  makes  a  striking  appear- 
ance. It  grows  quite  readily  from  seed,  notwithstanding  the  difficulty  of  handling. 
The  date  of  its  maturity  is  very  variable  in  the  region  indicated  above,  maturing  in 
central  Texas  in  June  if  conditions  aro  favorable,  or  in  August  if  they  are  not.  In 
southern  Arizona  its  period  of  development  is  during  the  rainy  season  of  summer,  in 
July,  August,  and  September.    (PI.  IX,  fig.  2.) 

No.  8399  was  collected  near  Green,  Tex. ,  August  14, 1906.  The  sample  was  in  early 
maturity,  but  no  seeds  had  fallen,  and  the  whole  plant  was  jperfectly  green.  It  was 
cut  IJ  inches  high.  Its  percentage  of  moisture  was  7.85.  Other  constituents  (on  a 
water-free  basis)  were  as  follows:  Ash,  11.96;  ether  extract,  2.38;  crude  fiber,  2ii9.97: 
nitrogen-free  extract,  45.72;  protein,  9.97;  pentosans,  20.46. 

ZIZANIOPSIS  MIUACEA  (Miduc)  DoeD  and  A«dieni. 

The  marsh  millet  (Zuoniopm  mtZiocea)  inhabits  swamps  and  banks  of  streams  from 
Texas  eastward  and  northward  to  Ohio.  It  is  a  tall,  rank  species,  resembling  super- 
ficially the  wild  rice  of  more  northern  latitudes  and  from  a  forage  standpoint  cojt©- 
sponds  very  closely  to  that  species.  It  is  always  grazed  in  closely  fed  pastures,  but  not 
until  more  palatable  feeds  fail. 

No.  9205  was  collected  at  San  Antonio,  Tex.,  April  20,  1908.  The  sample  was  in 
blossom  and  was  cut  off  at  the  surface  of  the  water  about  2  feet  high.  Its  percentage 
of  moisture  was  8.77.  Other  constituents  (on  a  water-free  basis)  were  as  follows:  Ash, 
9.46;  ether  extract,  1.53;  crude  fiber,  32.20;  nitrogen-free  extract,  43.17;  protein^ 
13.64;  pentosans,  17.11. 
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THE  ALCOHOL  TEST  IN  RELATION  TO  MILK« 

By  S.  HsNBT  Atsbs,  Bacteriologist,  ft&d  William  T.  Johnson,  Jr.,  Scientific  As$i$tant, 

Dairy  Divinon, 

INTRODUCTION. 

The  alcohol  test  as  generally  used  consists  in  the  mixing  of  equal 
Tolnmes  of  alcohol  and  milk.  Usually  2  cubic  centimeters  of  68  per 
cent  alcohol  are  added  to  2  cubic  centimeters  of  milk  and  shaken 
gently  in  a  test  tube.  The  test  is  considered  positive  when  a  precipi- 
tate is  formed,  or  in  other  terms,  when  a  coagulum  is  produced. 
When  a  positive  test  is  obtained  with  fresh  milk  from  a  single  cow  or 
small  herd,  it  is  generally  believed  that  it  indicates  an  abnormal  milk, 
due  to  physiological  or  pathological  conditions  in  the  cow.  A  positive 
test  with  market  milk  is  supposed  to  indicate  that  changes  have  been 
produced  in  the  milk  as  a  result  of  bacterial  fermentations. 

According  to  Fleischmann  (11)^  the  first  accoimt  of  the  alcohol 
test  was  published  by  Martinn  in  1890  in  the  Deutsche  (Berliner) 
Molkerei  Zeitung.  It  is  stated  that  Martinn  used  68  per  cent  alcohol 
with  equal  parts  of  milk.  Hdft  (13)  in  1898  used  the  alcohol  test  to 
give  an  idea  of  the  acidity  of  milk.  He  found  that  the  higher  the  acidity 
Uie  greater  the  amount  of  coagulation  by  alcohol.  In  the  same  year 
Petri  and  Maaszen  (24)  made  use  of  the  alcohol  test  to  determine  the 
quality  of  pasteurized  milk,  and  Weber  (31)  in  1900  studied  the  alcohol 
test  in  relation  to  the  so-called  sterilized  milk. 

Since  1900  nimierous  investigators,  mostly  in  Europe,  have  studied 
the  alcohol  test.  Of  those  who  have  worked  with  this  test  Morres  is 
probably  its  most  ardent  supporter.  He  strongly  advocates  the 
alcohol  test  in  combination  with  the  alizarin  test,  which  he  calls  the 
alizarol  test.  This  test  will  be  described  later.  Morres  and  the 
other  advocates  of  the  alcohol  test  claim  that  it  is  of  great  value, 
smce  it  affords  a  simple  and  quick  means  of  determining  the  condition 
and  keeping  quality  of  milk. 

In  this  coimtry  the  alcohol  test  is  used  by  only  one  large  company 
^ch  manufactures  milk  powder.     Any  milk  which  shows  a  precipi- 


1  See  list  of  citatioiifl  to  Utcrstnre  at  end  of  boltetin. 
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tate  when  mixed  vrith  equal  volumes  of  75  per  cent  alcohol  is  rejected 
by  this  company.  We  are  not  aware  that  any  practical  use  of  the  test 
is  made  by  any  one  else  in  America.  In  Europe  the  alcohol  test  is 
more  generally  used,  but  we  are  unable  to  state  to  what  extent  the 
test  is  employed  at  present,  although  Farrington  and  Woll  (9)  say 
that  in  European  creameries  and  city  milk  depots  the  alcohol  test  is 
often  appUed  to  every  can  of  milk  received;  milk  that  is  sufl&ciently 
sour  to  be  noticed  by  the  taste  will  coagulate  when  mixed  with  an 
equal  volume  of  70  per  cent  alcohol. 

The  Berhn  poUce  regulation  of  1902  (32)  regarding  the  sale  of  milk 
and  cream  required  that  cow's  milk  coming  from  a  distance  must, 
at  the  time  of  deUvery  to  the  consumer,  stand  without  coagulation 
the  cooking  or  alcohol  test  (mixture  of  70  per  cent  alcohol  by  volume 
with  equal  parts  of  milk).  According  to  Devarda  and  Welch  (6), 
only  fresh  milk,  which  shows  no  precipitate  or  only  a  very  fine  coagu- 
lation with  the  alcohol  test,  is  accepted  in  the  Vienna  market. 

OBJECT  OP  TmS  WORK. 

The  principal  object  of  this  work  was  to  determine  the  practical 

value  of  the  alcohol  test  as  a  test  for  the  quahty  of  market  milk.     As 

incidental  to  our  primary  object,  it  was  our  purpose  to  determine 

some  of  the  causes  for  the  precipitation  or  coagulation  of  milk  by 

alcohol. 

METHOD  OP  MAKING  THE  ALCOHOL  TEST. 

In  our  work  we  have  used  the  single  alcohol  test;  that  is  to  say,  a 
mixture  of  equal  volumes  of  alcohol  and  milk.  A  few  investigators 
have  used  the  double  alcohol  test,  in  which  two  parts  by  volume  of 
alcohol  are  mixed  with  one  part  of  milk.  In  general  equal  volumes 
of  68  per  cent  alcohol  and  milk  are  mixed  for  the  test,  but  in  our 
work  75  per  cent,  68  per  cent,  and  44  per  cent  alcohol  were  used. 
Three  tests  were  made  on  each  sample  of  milk,  2  c.  c.  of  aloohol 
being  mixed  with  2  c.  c.  of  milk  in  a  test  tube.  The  milk  was  always 
at  a  temperature  of  from  15°  to  20°  C.  After  adding  the  rnilk  to  the 
alcohol  the  tube  was  shaken  and  examined  for  the  appearance  of  a 
precipitate.  The  precipitate  appears  as  flakes  the  size  of  which  were 
recorded  as  follows:  VS  for  very  small,  S  for  small,  M  for  medium- 
sized,  and  L  for  large. 

The  different  percentages  of  alcohol  were  obtained  by  diluting  a 
high  grade  of  absolute  alcohol  with  distilled  water.  Keiss  (27)  has 
shown  that  alcohol  should  always  be  tested  for  acid  before  using  in 
the  alcohol  test,  as  acetic  acid  sometimes  found  in  the  alcohol  may 
make  the  milk  sufficiently  acid  to  cause  a  coagulation  with  alcohol. 
The  acidity  was  determined  by  titrating  10  c.  c.  of  rnillc  with  N/10 
NaOH,  and  is  expressed  throughout  this  paper  as  per  cent  of  normal  add. 

Any  special  methods  employed  in  this  work  will  be  discussed  when 
mentioned  in  the  text. 
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TBE  AIXX>HOL  TEST  m  RELATION  TO  FRB8H  MILK  FROM  A  SINGLE  COW 

OR  HERD. 

While  reTiewing  the  literature  on  the  alcohol  test  it  became  evi- 
dmt  that  the  value  of  the  test  must  be  considered  from  two  stand- 
jXMnts:  First,  its  relation  to  fresh  milk  from  a  single  cow  or  small 
h^,  and,  second,  its  relation  to  mixed  market  milk.  Although 
our  work  on  this  subject  deals  principally  with  the  relation  of  the 
alcohol  test  to  mixed  market  milk,  we  feel  justified,  after  a  careful 
survey  of  the  literature,  first  in  briefly  discussing  the  test  in  its  rela- 
tion to  fresh  milk  from  a  single  cow  or  herd. 

In  the  consideration  of  fresh  milk  from  a  single,  normal  cow  we 
must  omit  the  changes  in  milk  due  to  bacterial  growth  and  the  in- 
fluences of  the  changes  on  the  alcohol  test.  The  changes  as  a  result 
of  bacterial  activities  are  of  greater  importance  in  the  relation  of  the 
alcohol  test  to  the  mixed  market  milk  and  will  be  discussed  later. 

It  is  evident  from  the  results  of  other  investigators  and  from  our 
own  tests  on  milk  from  a  few  cows  that  fresh,  normal  milk  occasion- 
ally coagulates  with  68  or  70  per  cent  alcohol  when  mixed  in  equal 
volumes.  Henkel  (12)  foimd,  after  an  examination  of  more  than 
1,600  samples  of  milk  from  a  single  cow,  that  6  showed  a  coagulation 
with  68  or  70  per  cent  alcohol.  This  is  a  very  low  percentage  of 
positive  results  and  he  concluded  that,  generally  speaking,  the  milk 
of  a  single  animal  does  not  coagulate  with  68  or  70  per  cent  alcohol. 
After  an  extensive  study  of  the  alcohol  test.Auzinger  (2)  concluded 
that  the  alcohol  coagulation  of  fresh  single  milk  is  not  so  rare  as 
Henkel  had  observed.  Auzinger  (2)  also  found  great  fluctuations  in 
the  alcohol  test  (70  per  cent)  with  milk  from  single  cows.  Occa- 
sionally milk  from  the  same  cow  gave  a  positive  test  in  the  morning 
and  not  in  the  evening,  or  vice  versa.  The  test  might  be  positive 
one  day  and  not  the  next,  but  might  reappear  on  the  third  day. 
Sometimes  he  found  that  the  first  and  last  milk  from  a  single  cow 
showed  fluctuations  in  the  alcohol  test.  Auzinger  also  found  that 
milk  from  single  quarters  may  coagulate  with  alcohol  independently 
of  tile  other  quarters,  although  these  cases  were  rare.  He  concludes 
that  the  alcohol  test  in  normal  milk  from  a  single  cow  is  independent 
of  the  acidity  and  when  the  test  is  positive  it  is  caused  by  a  change 
in  the  milk  salts,  especially  the  calcium,  in  their  relation  to  the  milk 
proteids.  His  opinion  as  to  the  reason  for  the  occasional  coagula- 
tion of  fresh,  normal  milk  is  strengthened  by  one  of  his  experiments, 
in  which  calcium  phosphate  was  fed  to  a  cow.  It  was  found  that  the 
milk  from  this  cow  coagulated  with  a  smaller  volimie  of  alcohol  or 
with  a  lower  percentage  of  alcohol  than  did  the  normal  milk. 

When  fresh,  normal  milk  from  a  single  cow  coagulates  with  68  per 
cent  alcohol  it  is  evidently  due  to  some  slight  change  in  the  com- 
position of  the  milk.  What  the  exact  changes  are  it  is  impossible  at 
present  to  state. 
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When  we  speak  of  fresh,  normal  milk  we  mean  fresh  milk  from  a 
healthy  cow  in  the  middle  of  the  period  of  lactation.  Milk  in  the  early 
period  of  lactation,  that  is,  colostnmi  milk,  or  milk  taken  late  in  the 
lactation  period — ''old*'  milk,  as  it  is  sometimes  called — ^usually 
coagulates  with  the  alcohol  test.  Henkel  (12),  Metzger  (17),  and 
also  Auzinger  (2),  found  that  the  milk  from  a  cow  in  the  first  of  the 
lactation  period,  while  apparently  normal,  may  show  a  positive  alcohol 
test  at  irregular  interrals.  Auzinger  (2)  belieyes  that  the  high  albu- 
men and  globulin  content  of  colostrum  milk  and  the  calcium  salts  are 
responsible  for  the  positive  alcohol  reaction. 

EFFECT  OF  COLOSTRUM  AND  OF  •OUT  MILK  ON  THE  ALCOHOL  TEST. 

In  Table  1  are  shown  the  results  of  the  alcohol  tests  which  we  have 
made  on  colostrum  milk  from  two  cows.  Three  tests  were  made, 
using  75,  68,  and  44  per  cent  alcohol.  The  results  show  clearly  that 
colostrum  milk  gives  a  positive  alcohol  test  and  that  the  stronger  the 
alcohol  the  longer  the  test  will  be  positive.  It  will  be  noticed  that  the 
milk  from  cow  16  gave  a  positive  test  with  68  per  cent  alcohol  for  24 
days,  although  the  acidity  was  low  after  the  fourth  day.  It  is  evi- 
dent from  these  results  and  from  those  obtained  by  other  investi- 
gators that  the  coagulation  of  milk  in  the  first  of  the  lactation  period 
by  alcohol  is  largely  independent  of  acidity. 

Table  I.— Alcohol  tesU  with  colostrum  miUk. 


Alooholtest 

Cow 
No. 

Davs  after 
calyliig. 

Acidity. 

76  per  cent. 

68  per  cent 

44peroent. 

4 

2 

2.61 

»+L 

+L 

+V8 

3 

2.45 

+L 

+L 

+VB 

4 

2.25 

+L 

+M 

5 

1.87 

+L 

+8 

_ 

6 

1.80 

+M 

— 

8 

1.50 

+M 

.. 

_ 

9 

1.70 

+M 

.. 

— 

10 

1.56 

^ 

^ 

11 

1.62 

+B 

^ 

— 

12 

1.60 

+M 

^ 

^ 

13 

1.31 

+B 

^ 

■mm 

10 

L35 

^ 

^. 

21 

2.10 

.. 

.. 

_ 

22 

1.12 

^ 

^ 

_ 

16 

1 

2.40 

+L 

+L 

_ 

2 

2.20 

+h 

+s 

^ 

3 

2.70 

+M 

+1C 

^ 

4 

2.26 

+L 

+8 

^ 

6 

1.60 

+M 

+8 

■mm 

6 

1.84 

+M 

+8 

— 

13 

1.36 

+L 

+M 

^ 

15 

L66 

+u 

+8 

^ 

10 

1.63 

+M 

+M 

.. 

19 

1.67 

+M 

+8 

— 

22 

1.70 

+u 

+8 

— 

23 

1.60 

+M 

+8 

^ 

24 

1.50 

+lf 

+8 

«. 

25 

1.46 

+M 

"" 

1  In  this  and  succeeding  tables  the  initial  letters  denoting  the  degree  of  the  positive  (+)  tests  slmJIt^ 
L,  large  flakes;  M,  medium  flakes;  8,  small  flakes;  and  V^  very  small  flakes.    Minas  sign  (— )  |^^^=^' 
negative  test. 
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In  order  to  detennine  whether  or  not  the  alcohol  test  would  be 
podtiTe  in  a  mixed  coloetmin  and  normal  milk,  one  experiment  was 
performed.  Colostrum  milk  from  two  cows  24  hours  after  calving 
was  mixed  in  various  proportions  with  fresh,  normal  milk  which  gave 
a  n^ative  alcohol  test.  The  results  of  this  experiment,  in  Table  2, 
show  that  from  80  to  90  percent  of  colostrum  milk  had  to  be  mixed  with 
normal  milk  in  order  to  cause  a  positive  test  with  68  per  cent  alcohol. 
When  75  per  cent  alcohol  was  used  the  test  was  positive  with  as  low 
as  25  per  cent  of  colostrum  milk  from  cow  5,  but  when  colostrum 
milk  from  cow  16  was  used,  a  mixture  of  80  per  cent  was  required  to 
give  a  positive  reaction  with  75  per  cent  alcohol.  It  seems  evident 
from  these  results  that  the  mixing  of  colostrum  and  normal  milk 
would  not  cause  a  positive  alcohol  test  unless  a  very  large  percentage 
of  the  milk  were  colostrum  milk. 

Tablb  2. — The  alcohol  UmI  with  a  mixture  of  normal  and  colostrum  milk. 


Cokrtram 
milk  from 
cow  No. 

Pwoantace 
of 

PwoantafB 
of 

Alooluatast. 

nonoftl 

ooiostnim 

milk. 

milk. 

75  per  cent 

68  per  cent. 

44  per  cent. 

S 

10 

00 

»+L 

+  L 

ao 

80 

+M[ 

+V8 

_ 

as 

75 

+M 

_ 

fiO 

50 

+8 

— 

.-. 

75 

36 

+s 

^ 

. 

90 

10 

.-. 

. 

16 

10 

00 

+lf 

+  U 

— 

ao 

80 

+S 

_ 

35 

75 

*" 

"~ 

1  See  footnote  under  Table  1. 

Having  discussed  the  relation  of  the  alcohol  test  to  colostrum  milk, 
let  us  consider  its  relation  to  milk  drawn  at  the  last  of  the  lactation 
period,  or  what  is  known  as  "old"  milk.  Several  investigators  have 
shown  that "  old"  milk  gives  a  positive  alcohol  test.  It  is  well  known 
that  milk  changes  in  composition  toward  the  end  of  the  lactation 
period,  and  it  is  undoubtedly  these  changes  which  cause  the  coagu- 
lation with  alcohol.  YHiile  no  definite  changes  have  been  attributed 
to  the  positive  alcohol  reaction,  it  is  believed  by  some  to  be  due  to 
the  high  content  of  solids  (not  fat).  Henkel  (12),  however,  found 
that  this  could  not  explain  in  all  cases  the  coagulation  by  alcohol. 
Auzinger  (2)  believes  that  on  accoimt  of  the  variation  of  solids  (not 
fat)  the  alcohol  test  has  no  significance  in  milk  from  "old"  milk 
cows. 

SUMMARY  OF  CAUSES  FOE  POSmVE  TESTS  IN  MILK  OF  SINGLB  COWS. 

It  is  apparent  that  fresh  milk  from  a  single  cow  may  occasionally 
give  a  positive  alcohol  reaction  with  68  or  70  per  cent  of  alcohol. 
Colostrum  milk  gives  a  positive  reaction,  and  the  same  is  true  usu- 
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ally  of  "old"  milk — that  is,  milk  from  a  cow  in  the  last  of  its  lac- 
tation period. 

The  causes  for  a  positive  alcohol  test  may  be  summarized  by  the 
opinion  of  Ernst  (8)  who  states  that  a  positive  alcohol  test  of  fresh 
milk  from  a  single  cow  indicates  a  physiological  or  severe  patho- 
logical condition  of  irritation  of  the  milk  glands.    There  is,  how- 
ever, a  difference  in  the  opinions  of  various  investigators  as  to  the 
reaction  of  the  alcohol  test  to  pathological  conditions  of  the  udd^ . 
Ruhm    (28)  noticed  the  alcohol  test  in  milk  from  cows  with  in- 
fected udders.    In  some  cases  he  found  the  test  was  positive  during 
the  infection  and  frequently  a  positive  test  was  observed  for  three 
or  four  weeks  later  when  the  milk  had  a  normal  appearance  and 
taste.     He  points  out  that  in  udder  infection  the  milk  may  vary  in 
many  ways,  and  in  consequence  the  alcohol  test  varies.    Aiizinger 
found  that  there  was  no  relation  between  streptococci  in  infected 
udders  and  the  alcohol  test  and  that  a  positive  test  is  produced 
through  chemical  changes  in  the  secretions.     Rullmann  and  Tromms- 
dorff  (29)  also  observed  a  positive  alcohol  reaction  in  milk  from  cows 
with  infected  udders,  but  according  to  these  authors  the  alcohol  test 
shows  no  definite  relation  to  the  leucocyte  count.    They  point  out 
that  the  variation  in  ash  salts  and  high  albumin  content  probably 
influences  the  alcohol  test.    Campbell  (5)  also  beUeves  that  the  alcohol 
test  is  of  value  in  determining  the  diseased  condition  of  the  udder. 
Besides  udder  infection  Auzinger  (2)  states  that  the  general  infections 
and  infections  of  the  vaginal  canal  may  cause  a  positive  alcohol  test; 
also  that  milk  from  cows  which  have  aborted  may  coagulate  with 
alcohol.    Metzger  (17),  however,  after  a  study  of  the  alcohol  test 
with  milk  from  sick  cows  concludes  that  the  milk  from  them  sbows 
no  relation  between  the  acidity  and  alcohol  test.    According  to  this 
author  fever  had  no  influence  on  the  acid  and  alcohol  tests.    There 
was  no  relation  between  tuberculosis  of  the  animal  and  the  alcohcd 
test.     When  animals  were  very  lean  from  disease  the  milk  inclined 
toward  coagulation  with    alcohol.     Infectious  inflammation  of    the 
vagina  was  without  influence  on  the  test.     Infection  of  the  uterus 
shows  almost  regularly  with  the  alcohol  test,  but  not  without  ex.- 
ception.    Metzger  also  found  that  there  was  no  relation  between  the 
alcohol  test  and  various  forms  of  indigestion.     He  points  out  tluit 
the  chief  value  of  the  test  lies  in  its  use  for  the  freshness  of  milk« 

We  have  not  had  an  opportunity  to  study  the  alcohol  test  in  its 
relation  to  the  milk  from  sick  cows,  but  from  a  study  of  the  literature 
on  this  subject  we  are  inclined  to  beheve  that  the  alcohol  test  would 
be  of  but  little  value  as  a  routine  test  of  the  milk  from  a  single  cow 
or  from  a  small  herd.  If  the  alcohol  test  were  used  r^ularly  to  test 
fresh  milk  of  single  cows  a  positive  reaction  would  indicate  aome 
change  in  the  milk  from  normal.     Subsequent  examination  of  the 
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COW  mi^t  reveal  aome  patholc^cal  c<Miditi<my  or  there  might  be 
9ome  physiological  reason  for  a  slight  yariation  in  the  composition 
of  the  milk.  If  the  test  were  performed  on  the  milk  from  a  few  cows 
a  poflitive  reaction  might  be  caused,  as  Anzinger  (3)  beheves,  by  the 
mixing  of  milk  which  is  changed  by  physiological  or  pathological 
conditions  with  milk  from  normal  cows.  If  there  were  a  large  per- 
centage of  abnormal  milk  which  gave  an  alcohol  test  with  a  coagula- 
tion with  large  flakes,  the  mixed  milk  might  show  a  positive  alcoh<d 
test  in  which  the  coagulation  would  be  in  the  form  of  small  flakes. 
When  mixed  milk  from  a  large  mmiber  of  sources  gives  a  positive 
alcohol  test  it  must  be  interpreted  in  an  entirely  different  manner, 
and  this  leads  us  to  another  phase  of  the  subject. 

THE  AL€X)HOL  TEST  IN  RELATION  TO  MARKET  BULK. 

Since  1900  a  considerable  number  of  papers  have  appeared  on  the 
use  of  the  alcohol  test  in  its  relation  to  market  milk.  According  to 
Eirchner  (15),  Morres  in  1905  showed  that  the  alcohol  test  was  of 
vahie  for  determining  the  keeping  quality  of  milk  and  indicating  its 
acidity.  Reiss  (26)  in  1906  pmnted  out  the  practical  value  of  the 
test,  and  Morres  (18)  again  in  1909  showed  the  value  of  the  alcohol 
test  as  a  means  of  determining  the  keeping  quality  of  milk.  He  added 
2  c.c.  of  milk  to  2  c.c.  of  68  per  cent  (by  volume)  alcohol,  and  states 
that  if  the  milk  coagulates  with  alcohol  then  decomposition  has 
already  started  and  the  extent  is  shown  by  the  size  of  the  flakes. 
If  the  precipitate  is  in  fine  flakes  then  the  acidity  corresponds  to 
4  degrees  Soxhlet;  however,  the  coagulation  may  not  be  due  to  an 
increase  in  acidity,  but  may  be  due  to  the  action  of  rennet-forming 
bacteria.  In  later  work  Morres  has  combined  the  alcohol  and 
alizarin  tests.  This  will  be  discussed  later.  Morres  considers  that 
the  coagulation  of  mixed  market  milk  is  due  largely  to  the  formation 
of  acid  or  the  action  of  rennet-forming  bacteria  or  to  a  combination 
of  both.  Henkel  (12)  concludes  from  his  work  that  the  alcohol  test 
does  not  afford  a  proper  means  for  determining  acidity,  but  that  the 
Tahie  of  the  test  lies  in  the  fact  that  it  gives  a  knowledge  of  the  souring 
and  other  changes  in  the  properties  of  milk  or  in  variations  from  the 
nomial  properties  which  the  acid  test  does  not  show.  Other  investi- 
gators believe  that  the  alcohol  test  is  of  value  only  as  a  preliminary 
test.  Fendler  and  Borkel  (10)  after  a  large  number  of  tests  to 
determine  the  relation  of  the  acidity  of  milk  to  the  alcohol  test  con- 
daded  that  the  double  test  with  70  per  cent  alcohol  was  not  a  proper 
oiterion  for  the  freshness  of  market  milk,  including  infants'  milk 
and  superior  grades  of  milk.  They  state  that  the  double  test  using 
50  per  cent  alcohol  is  suitable  as  a  preliminary  test  for  food  in- 
spectors, but  the  milk  should  be  submitted  to  further  tests.  These 
audiois  also  found  that  no  consistent  relation  existed  between  the 
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alcohol  test  and  the  acidity  of  milk.  Rammstedt  (25)  also  agrees 
with  Fendler  &iid  Borkel,  so  far  as  he  found,  that  no  consistent 
relation  existed  between  the  alcohol  test  and  the  acidity  of  milk. 
He  considers  that  the  test  gives  preliminary  knowledge  of  the  hygienic 
quality  of  a  milk. 

It  is  evident  from  the  literature  that  in  a  mixed  market  milk  the 
acidity  plays  a  part  in  connection  with  the  alcohol  test,  so  that  in 
considering  the  factors  which  influence  the  test  we  may  first  take  up 
the  question  of  acidity. 

THE  INFLUENCE  OF  ACTOnT  ON  THE  ALCOHOL  TEST. 

In  our  first  experiments  the  acidity  of  milk  was  raised  by  the 
addition  of  N/10  lactic  acid.  The  results  of  two  experiments  recorded 
in  Table  3  show  that  a  very  slight  increase  in  the  acidity  of  milk  may 
cause  a  positive  alcohol  test  with  75  per  cent  and  68  per  cent  alcohol, 
but  a  considerably  higher  acidity  is  required  to  cause  a  positive  test 
with  44  per  cent  alcohol. 

These  results  show  clearly  that  the  alcohol  test  is  sensitive  to  slight 
changes  in  acidity  when  these  changes  are  produced  by  the  addition 
of  lactic  acid.  Since  an  increase  in  acidity  will  cause  a  positive 
alcohol  test  it  is  evident  that  the  growth  of  acid-forming  bacteria  in 
milk  will  cause  a  positive  test. 

Table  3. — Influence  of  acidity  on  the  alcohol  teet. 


K/IO  lactic 

Alcohol  test 

acid  added 
toSOc.c. 

Acidity. 

of  milk. 

75  per  cent. 

66  per  cent. 

44  per  cent 

e.c. 
0 

1.81 

0.5 

L88 

— 

— 

— 

1.0 

1.94 

>+M 

+u 

.. 

3.0 

2.21 

+L 

+  L 

— 

3.6 

2.38 

+L 

+L 

_ 

4.0 

2.47 

+L 

+L 

+M 

0 

1.70 

.5 

1.76 

+M 

_ 

. 

1.0 

1.84 

+M 

+8 

. 

2.0 

2.00 

+L 

+  L 

— 

8.0 

2.20 

+L 

+  L 

~ 

3.4 

2.25 

+L 

+  L 

— 

8.5 

2.26 

+L 

+  L 

+few  V8 

4.0 

2.31 

+h 

+  L 

+fewL 

1  See  footnote  under  Table  1. 

In  order  to  determine  the  relation  between  the  number  of  acid- 
forming  bacteria,  the  acidity,  and  the  alcohol  test,  two  experiments 
were  performed,  using  a  pure  cultiu^e  of  a  lactic-acid-producing  organ- 
ism. The  culture  was  inoculated  into  sterile  skim  milk  and  incubated 
at  37°  C.  A  bacterial  count  was  made  while  the  acidity  and  the 
alcohol  test  were  determined  at  the  same  time.  From  the  results 
shown  in  Table  4  it  may  be  seen  that  in  Experiment  I  the  alcohol 
test  was  negative  even  after  seven  hours  of  incubation.    At  that  time 
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tbfi  acidity  had  increased  from  1.98  to  2.14,  and  the  bacteria  from 
from  82,000  to  15,100,000  per  cubic  centimeter.  It  is  interesting  to 
note  tiiat  an  extensive  multiplication  of  lactic-acid-forming  bacteria 
may  occur  without  causing  a  positive  alcohol  test.  In  the  second 
experiment,  also  shown  in  Table  4,  a  heavier  inoculation  was  used,  and 
it  win  be  seen  that  the  milk  at  the  beginning  of  the  incubation  period 
contained  480,000  bacteria  per  cubic  centimeter.  The  68  per  cent 
alcohol  test  was  not  positive  until  the  bacteria  had  increased  to 
31,400,000  per  cubic  centimeter. 

These  figures  show  that  when  a  pure  culture  of  lactic-acid-forming 
bacteria  is  grown  in  skim  milk  there  must  be  a  very  great  increase  in 
order  to  produce  acidity  enough  to  cause  a  positive  alcohol  test.  In 
these  experiments  there  were  no  positive  alcohol  tests  until  the  bac- 
teria had  increased  from  less  than  500,000  to  over  16,000,000  per  cubic 
centimeter.  From  these  results  it  is  apparent  that  the  growth  of 
acid-forming  bacteria  in  milk  may,  through  the  formation  of  acid, 
cause  a  positive  alcohol  test.  However,  when  there  is  sufficient  acid 
produced  to  cause  a  coagulation  with  68  per  cent  alcohol  the  number 
of  acid-forming  bacteria  would  be  very  high. 


Table  4. 


-Infiuence  on  the  alcohol  test  of  add  produced  by  the  growth  of  a  pure  culture  of 
lactic-acid  bacteria. 


Ezperi- 
meal  No. 

Ace  of 
cuitare 
In  boon. 

BMt«rIa 

porcabio 

oontimeter. 

Addity. 

AknbdtMt. 

75  per  cent 

08  per  cent 

44  per  cent 

I 

n 

100 
100 
NX) 
100 

no 

100 

no 
no 
no 
no 
no 
no 

1.98 

>+8 
+L 

+  L 

- 

iii 

2.06 
2.00 
2.14 
1.M 

2.  OS 
2.06 
2.30 
2.47 

>  See  footnote  under  Table  1. 


BFFEGT  OF  PHOSPHATES. 


We  have  so  far  discussed  in  a  general  way  the  effect  of  increasing 
the  acidity  of  milk  by  the  addition  of  lactic  acid  and  by  the  generation 
of  the  acid  in  milk.  Since  the  acidity  of  milk  when  titrated  with 
phenolphthalein  is  due  partly  to  acid  phosphates;  it  will  be  of  interest 
to  show  the  effect  on  the  alcohol  test  of  the  increase  in  acidity  by 
acid  phosphates.  In  Table  6  are  shown  the  results  of  a  few  tests, 
Tising  sodiimi  and  potassiiun  acid  phosphate.  Various  amounts  of 
a  5  per  cent  solution  of  these  salts  were  added  to  60  c.  c.  of  milk.  It 
win  be  seen  from  the  table  that  when  the  acidity  was  increased  by 
sodium  acid  phosphate  from  2.15  to  3.33  the  alcohol  test  with  75 
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per  cent  alcohol  was  positive.  At  an  acidity  of  4.27  the  milk  coagu- 
lated with  68  per  cent  alcohol  but  the  flakes  were  very  small.  In 
order  to  cause  a  coagulation  with  68  per  cent  alcohol  mth  medium- 
sized  flakes  it  was  necessary  to  increase  the  acidity  to  6.16.  When 
potassiimti  acid  phosphate  was  used  the  results  were  about  the  same. 
These  results  show  that  it  is  possible  by  increasing  the  acidity  of 
milk  with  acid  phosphates  to  cause  a  coagulation  with  the  alcohd 
test,  but  the  acidity  has  to  be  increased  to  a  high  degree  and  there 
would  never  be  enough  acid  phosphate  in  a  mixed  market  milk  for 
it  to  be  entirely  responsible  for  a  positive  alcohol  test. 

Table  5^ — Influence  an  the  alcohol  test  of  the  tuMUion  of  acid  phosphates  to  milk. 


Sodlum-aoid  phosphate. 

Potassium-acid  phosphate. 

of  6 
percent 
solution 

of  acid 

phoa. 

phate 
added  to 
60  c.  c.  of 

milk. 

Acid- 
ity. 

Alcohol  test 

Amount 

of  6 
percent 
solution 
of  acid 
phos- 
phate 
added  to 
50o.c.of 
milk. 

^"- 

Alcohol  test. 

'^ 

68p«r 
cent 

tr 

76  per 
cent. 

68  per 
cent. 

44  per 
cent 

C,e. 
0 
1 
2 
3 
5 
6 

2.15 
2.76 
3.83 
4.27 
5.60 
6.16 

+V8 

+vs 

+M 

-Tvs 

C.c 
0 
1 
2 
3 
5 
6 

'  2.'52"' 
3.13 
4.00 
6.20 
6.62 

+V8 
-fVS 
+M 

+vs 

1  See  footnote  under  Table  1. 

In  some  cases  where  we  increased  the  acidity  of  milk  by  adding 
lactic  acid  it  was  noticed  that  a  very  slight  increase  in  acidity  caused 
a  positive  alcohol  test.    At  other  times  the  acidity  had  to  be  in- 
creased to  a  considerable  extent  before  the  milk  coagulated  with 
alcohol.     It  occurred  to  us  that  the  explanation  for  these  diflferences 
might  be  that  there  were  different  amoimts  of  dibasic  phosphates 
present  in  milk  and  that  the  acid  converted  the  dibasic  phosphate  into 
acid  phosphate,  which  increased  the  acidity  but  did  not  cause  a  posi- 
tive alcohol  test.     In  order  to  test  this  theory  one  experiment  was 
performed;  the  results  of  which  are  shown  in  Table  6.     Two  flasks  of 
milk  were  used,  each  containing  50  c.  c.  of  milk.     One  flask  was  left 
normal  and  0.5  per  cent  dibasic  sodium  phosphate  was  added  to  the 
other.     Various  amoimts  of  N/10  lactic  acid  were  then  added  to  ea<^ 
flask.     As  may  be  seen  from  the  table,  when  3  c.  c.  of  N/10  lactic 
acid  was  added  to  the  normal  milk,  the  acidity  was  2.37  and  the 
alcohol  test  was  positive  with  both  75  per  cent  and  68  per  cent  alco- 
hol.   The  flakes  were  large  and  medium,  respectively.     The  same 
amount  of  acid  added  to  the  milk  with  dibasic  phosphate  increased 
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Uie  acidity  to  2.55  and  yet  the  alcohol  test  was  negative.  When  7 
c  c.  of  N/10  lactic  acid  was  added  to  the  normal  milk,  the  acidity  was 
increased  to  3.00  and  the  milk  coagulated  with  large  flakes  with  all 
the  diflferent  percentages  of  alcohol.  When  7  c.  c.  of  N/10  lactic 
acid  was  added  to  milk  with  dibasic  phosphate  the  acidity  was 
increased  to  3.05  and  only  the  75  per  cent  alcohol  test  was  positive, 
and  the  coagulation  was  in  the  form  of  small  flakes.  When  8  c.  c. 
of  acid  was  added  to  the  milk  with  dibasic  phosphate  the  acidity 
was  3.19  and  the  alcohol  test  with  both  75  per  cent  and  68  per  cent 
alcohol  was  positive.  It  was  found  by  titration  that  10  c.  c.  of  a 
0.5  solution  of  dibasic  phosphate  required  1.56  c.  c.  of  N/10  lactic 
acid  to  convert  the  dibasic  into  the  monobasic  phosphate;  therefore 
50  c.  c.  of  milk  containing  0.5  per  cent  of  dibasic  sodiimi  phosphate 
would  require  7.8  c.  c.  of  N/10  lactic  acid  to  convert  the  dibasic 
into  the  monobasic  phosphate.  It  will  be  seen  from  Table  6  that 
when  from  7  to  8  c.  c.  of  N/10  lactic  acid  was  added  to  the  milk 
with  dibasic  phosphate,  the  alcohol  test  became  positive;  that  is,  when 
the  dibasic  phosphate  had  been  converted  into  monobasic  phosphate 
then  further  increase  in  acidity  caused  a  positive  alcohol  test. 

As  a  very  general  explanation  of  this  result  it  may  be  said  that  when 
acid  is  added  to  milk  it  converts  the  dibasic  phosphate  into  the 
monobasic  phosphate.  Iff ollows  that  the  acid  and  also  the  monobasic 
phosphate  probably  affect  the  casein  and  thereby  change  it  into  a 
condition  in  which  it  is  possible  to  precipitate  the  casein  by  alcohol 
and  cause  a  positive  test.  This  action  on  the  dibasic  phosphate  prob- 
ably explains  in  part  the  positive  alcohol  tests  with  different  low 
acidities. 

Table  6 . — Influence  an  the  alcohol  test  of  the  addition  o/dibanc  phosphate  to  miik. 


N/IO 
lactic 
fkcfd 
added 

to 

50C.C. 

of 

Normal  milk. 

Normal  milk  +  0.5  per  cent 
dibasic  sodium  phosphate. 

Acidity. 

Alcohol  test. 

Acidity. 

Alcohol  test. 

75 

68 

44 

75 

68 

44 

milk. 

cent. 

cSS. 

per 
cent. 

per 
cent 

cent. 

per 
cent. 

0 

1 
3 
6 
6 
7 
8 
0 
11 

1.85 
2.01 
2,37 
2.63 
2.80 
3.00 

1+8 
+L 

+L 
+L 

+M 

+L 
+L 

+8 
+M 
+L 

2.03 
2.13 
2.65 
2.81 
2.02 
3.06 
3.19 
3.43 
3.07 

+8 
+  L 
+  L 
+L 

+M 
+L. 
+L 

+L 

*■  See  footnote  under  Table  1. 
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RB0ULT  OF  mZINO  SOUR  AND  NORMAL  MILK. 

Since  a  positive  alcohol  test  may  be  produced  by  increasing  the 
acidity,  several  investigators  have  pointed  out  that  a  mixture  of  soar 
and  normal  milks  will  give  a  positive  test.  The  amoimt  of  sour  milk 
which  can  be  added  to  fresh  milk  without  causing  a  positive  alcohol 
test  will,  of  course,  depend  upon  the  acidity  of  the  sour  milk.  In 
one  experiment,  the  results  of  which  are  shown  in  Table  7,  various 
percentages  of  sour,  raw,  and  pasteurized  milk  were  added  to  fresh 
milk.  The  addition  of  1  per  cent  of  sour  milk  caused  a  positive  test 
with  75  per  cent  alcohol,  2.5  per  cent  caused  a  positive  test  with  68 
per  cent  alcohol,  and  the  addition  of  10  per  cent  of  sour  milk  was 
necessary  to  cause  a  positive  test  with  44  per  cent  alcohol. 

It  must  be  taken  into  consideration  in  this  experiment  that  the 
sour  milk  had  a  high  acidity.  If  the  acidity  had  been  low  a  much 
higher  per  cent  could  undoubtedly  have  been  added  to  the  fresh 
milk  without  increasing  the  acidity  sufficiently  to  cause  a  positive 
alcohol  test. 

Table  7. — The  akohol  test  with  a  mixtwre  of  normal  and  iour  mUk. 


Addition  of  sour  raw  mflk.  Addlty  10.28. 

Addlty  OJ87. 

Per 
cent  of 

BOUT 

added. 

Add- 

ity. 

Akohol  test 

Per 

cent  of 

soor 

added. 

Acid- 
ity. 

AloobolteBt. 

75  per 
cent 

OSper 
oent 

44  per 
cent. 

76  per 
oent 

66  per 
oent 

44  per 
cent 

0.0 
1.0 
2.5 
5.0 
10.0 

1.84 
LOS 
2.06 
2.30 
2.70 

»+8 
+M 
•fL 
+L 

+M 

+8 
+U 

-Tvs 

1.0 
2.5 
5,0 

lao 

1.88 
2.00 
2.29 
2.68 

*  See  footnote  under  Table  1. 

In  connection  with  the  relation  of  acidity  to  the  alcohol  test  the 
question  arises  as  to  whether  or  not  the  acidity  of  a  sour  nulk  can  be 
neutralized  so  that  the  alcohol  test  will  be  n^ative.  Some  investi- 
gators, have  shown  that  the  neutralization  of  the  acidity  does  not 
cause  a  positive  test  to  become  n^ative,  although  the  size  of  the 
flakes  in  the  coagulation  is  somewhat  reduced.  We  have  tried  one 
experiment  in  which  various  amounts  of  normal  lactic  acid  were 
added  to  fresh  milk,  after  which  the  acidity  was  reduced  to  the  original 
acidity  by  the  addition  of  sodium  hydrate.  From  the  results  whicb 
are  shown  in  Table  8  it  wiU  be  seen  that  when  the  acidity  was  in- 
creased to  4.3,  then  neutralized  to  1.90,  the  68  per  cent  alcohol  test 
was  positive.  The  positive  alcohol  tests  with  68  per  cent  alcohol 
could  be  made  negative  at  acidities  below  4.30  by  reducing  to  about 
the  original  acidity  of  the  normal  milk. 
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Table  8. — Efftd  im  tAe  u^hokol  $eH  produced  6y  neutrtdmng  the  oddity  o/miOt, 


Amomit 

AJoQiUll  test. 

Akoboltest. 

Qrnomial 
lactie 

Addtty 

Mid 

Aeidity. 

After  nea- 

Added  to 

76  per 

68  p« 

44  p« 

tnOisinc. 

75  pv 

68  per 

44  per 

»e.  e. 

cent. 

oent. 

cent. 

eent. 

cent. 

cent. 

or  milk. 

tc 

0.1 

1.84 
2.08 

«+M 

+k 

; 

1.80 

_ 

_ 

_ 

0.8 

2.43 

•t-K 

•fK 

.. 

LSI 

.. 

_ 

^ 

a5 

2.W 

+  -. 

+K 

+VB 

1.04 

„. 

«. 

_ 

0.8 

3.54 

+  ' 

+L 

+M 

1.80 

+V8 

«. 

_ 

1.0 

3.94 

+  -. 

+L 

+L 

1.80 

+8 

. 

_ 

1.5 

4.30 

+L 

+L 

+L 

1.90 

+L 

+M 

— 

1  See  footnote  under  Table  1. 


SfVBCT  09  HBAT  OOMBINBD  WITH  ACIDITT. 


As  a  matter  of  general  interest  we  may  mention  the  effect  of  heat- 
ing milk  which  gave  a  positive  alcohol  test.  Auzinger  (2)  fomid 
that  a  milk  which  gave  a  positive  test  at  15^  C.  sometimes  did  not 
give  the  test  when  heated  for  30  minutes  at  60^  C.  Then  again  he 
found  that  the  test  might  remain  positive  in  milk  heated  to  boiling. 
In  Table  9  is  shown  the  result  of  an  experiment  showing  the  effect 
of  heat  on  the  alcohol  test  with  milk  of  two  different  acidities.  No 
effect  of  heat  was  foimd  on  the  sample  of  milk  with  an  acidity  of 
2.30,  but  there  was  a  marked  effect  when  the  acidity  was  lower. 

We  have  no  explanation  to  offer  for  this  negative  result  of  the  test 
when  the  acidity  is  low.  This  action  of  heat  might  be  of  importance 
when  the  alcohol  test  is  applied  to  pasteurized  milk. 

Tablb  9. — Effect  of  heat  on  the  alcohol  te$t  which  it  poeiHve  on  account  of  acid  action. 


linkbeeted 
to~ 

Alcohol  teet. 

Aeidity,  2. 

Acidity,  2.30. 

76  per 
cent. 

68  per 
cent. 

76  per 
oent. 

68  per 
cent. 

Not  heated... 
40 

+M 
+M 
+M 
+8 

+8 
+8 
+V8 

+L 

+L 
+L 

+L 
+L 

+L 
+}- 
+L 

60 

70 

80 

90 

100 

>  See  footnote  under  Table  1. 
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INFLUENCE  OF  THE  ACTION  OF  RENNET. 

The  relation  of  the  alcohol  test  to  the  acidity  of  milk  shows  that 
acidity  is  one  factor  which  may  cause  a  positive  alcohol  reaction, 
but  from  the  work  of  other  investigators  it  is  evident  that  it  is  not 
the  sole  cause.  Morres  throughout  his  papers  points  out  that  the 
alcohol  test  may  be  caused  by  an  acid  fermentation  or  by  a  rennet 
fermentation  or  by  a  mixture  of  both  fermentations. 

In  order  to  determine  the  effect  of  rennet  action  in  relation  to  the 
test,  we  first  tried  the  effect  of  prepared  rennet.  Four  flasks  of  fresh 
milk  were  used  and  to  each  a  different  percentage  of  rennet  was 
added.  The  milk  in  each  flask  was  tested  by  the  alcohol  test  at 
intervals  of  one  hour.  It  will  be  seen  from  Table  10  that  four 
different  percentages  of  rennet  were  used,  ranging  from  0.00005  per 
cent  to  0.0015  per  cent.  The  acidity  of  the  milk  increased  during 
the  four  hours  from  1.64  to  1.70;  therefore  the  influence  of  acidity 
can  be  neglected,  since  it  is  only  a  slight  change. 

The  results  show  that  the  action  of  rennet  in  milk  may  produce 
changes  which  cause  a  positive  alcohol  test  and  that  two  main  factors 
are  of  importance,  namely,  the  amount  of  rennet  and  the  length  of 
time  the  rennet  has  to  act.  Undoubtedly  a  third  factor  must  be 
taken  into  consideration;  that  is,  the  temperature  at  which  the  milk 
is  held.  In  our  experiments  the  milk  was  held  at  room  temperature. 
These  results  confirm  those  obtained  by  other  investigators  and 
indicate  that  the  action  of  the  rennet-forming  bacteria  might  cause 
a  positive  alcohol  reaction. 

Table  10. — Infiuence  of  rennet  on  the  alcohol  teU. 


Hours. 

Rennet 
added. 

Alcohol  test. 

75  per 
cent. 

68  per 
cent. 

44  per 
cent. 

0 
1 
2 
3 
4 

Percent. 
.00006 
.00025 
.0005 
.0015 
.00005 
.00025 
.0005 
.0015 
.00005 
.00025 
.0005 
.0015 
.00005 
.00025 
.0005 
.0015 
.00005 
.00025 
.0005 
.0015 

+M 
+  L 

+M 
+M 
+L 

-fL 
+L 

+L 

+M 
+M 
+L 

+?- 
+h 

(«) 

+M 

L 

+V8 

1  See  footnote  under  Table  1. 
*  MUk  curdled  by  rennet. 
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In  order  to  show  the  effect  of  rennet  of  bacterial  origin,  the  action 
of  a  pure  culture  of  a  rennet-forming  organism  was  studied.  Two 
flasks  of  sterile  skim  milk  were  inoculated  with  different  amotmts  of  a 
pure  culture  of  a  rennet-forming  organism.  These  flasks  were 
incubated  at  37^  C,  and  the  bacterial  increase  was  det^mined  at 
definite  intervals,  together  with  the  alcohol  test.  The  results  are 
shown  in  Table  11.  From  a  study  of  the  table  it  is  evident  that 
rennet-forming  bacteria  will  cause  a  positive  alcohol  test,  but  there 
must  be  a  large  bacterial  increase  to  produce  rennet  enough  to  cause 
a  positive  test. 

The  acidity  was  also  increased  during  the  incubation,  but  we  believe 
^  acidity  played  a  minor  part  in  causing  the  positive  alcohol  test. 

Tablb  IL—Infivence  on  the  alcohol  tett  of  rennet  produced  in  miOt  by  the  growth  <^a  pun 
cuUure  of  a  rennet-forming  organiam. 


Exptfi- 
ment 
No. 

Age  of 
cul- 
ture. 

Bacteria 
per  cubic 
centimeter. 

Acid- 
ity. 

Alcohol  test. 

75  per 
cent. 

68  per 
cent. 

44  per 
cent. 

I 
11 

Houn. 
0 
2 

4 
5 
0 
7 
0 
2 
4 

84,000 

02,000 

4,700,000 

0,000.000 

21,000,000 

31,000,000 

147  000 

200,000 

15,000,000 

1.08 

*i*02* 
2.00 
2.10 
2.11 
1.M 

"iio" 

+L 

+L 

+8 

1  Bee  footnote  under  Table  1. 
DDTSBBNTIATIOH  fiKTWEBN  ACIDITT  AND  BBNNBT  ACTION. 

The  fact  that  reducing  the  acidity  did  not  cause  a  n^ative  alcohol 
test,  as  mentioned  above,  led  us  to  believe  that  it  might  be  possible 
to  differentiate  between  a  positive  alcohol  test  caused  by  acidity  and 
one  caused  by  rennet  action.  In  order  to  determine  whether  this 
was  true  two  flasks  of  sterile  skim  milk  were  prepared.  One  was 
inoculated  with  a  pure  culture  of  a  lactic-acid-forming  organism  and 
the  other  with  equal  amoimts  of  a  piure  culture  of  lactic-acid  bacteria 
and  rennet-forming  bacteria.  The  two  flasks  were  then  incubated  at 
37®  C.  As  may  be  seen  from  Table  12,  the  milk  containing  the 
lactic-acid  bacteria  had  an  acidity  of  2.23  after  3  hours'  incubation 
and  the  test  was  positive  with  both  75-  per  cent  and  68  per  cent 
alcohol.  When  the  acidity  was  reduced  to  1.49  all  the  alcohol  tests 
were  n^ative.  The  milk  containing  a  mixed  culture  of  lactic-acid 
bacteria  and  rennet-forming  bacteria  after  3  hours'  incubation  had 
an  acidity  of  2.32  and  the  alcohol  test  was  positive  with  75  per  cent 
and  68  per  cent  alcohol.  In  both  cases  the  coagulation  was  in  the 
fonn  of  large  flakes.     When  the  acidity  was  reduced  to  1.70  the 
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alcohol  test  remained  positive;  although  the  size  of  the  flakes  was 
reduced.  This  milk  after  5^  hours'  incubation  had  an  acidity  of  4.38 
and  the  milk  coagulated  with  large  flakes  with  each  percentage  of  alco- 
hol. When  the  acidity  was  reduced  to  1.49  the  alcohol  test  remained 
positive,  the  only  change  being  with  the  44  per  cent  alcohol,  in  which 
case  the  size  of  the  flakes  was  reduced.  This  experiment  was  re- 
peated, as  will  be  seen  from  Table  12,  and  the  results  confirmed 
those  of  the  first  experiment.  These  results  indicate  that  it  may  be 
possible  to  differentiate  between  an  acid  and  an  acid-and-rennet 
fermentation  in  milk,  provided  the  acidity  is  not  high. 

• 
Table  12. — Differentiation  between  an  add  and  a  mixed  acid-and-renrut  fermentation  (y 
neutralizing  the  acidity  and  using  the  alcohol  test. 


Ex- 
perl- 
ment 

No. 

Pure  culture 
of-- 

After  incubation  at  37*  C.  ftor  8  hours. 

After  Incubation  at  37*  C.  ftjT  6i  hours. 

Acidity. 

Alcohol  test. 

Acidity. 

Alcohol  test. 

76  per 
cent. 

08  per 
cent. 

44  per 
cent. 

75  per 
cent. 

68  per 
cent. 

tsa 

I. 
II. 

Lactic -acid 
bacteria. 

Ifixtnreof 
rennet- 
forming 
and  lactic 
acid  bacte- 
ria. 

Lactic  -  acid 
bacteria. 

Mixtnreof 
rennet- 
forming 
and  lactic- 
acid  bacte- 
ria. 

2.23 

Neutralized  to 
l.M. 

2.32 

Neutraliiedto 
1.70. 

»+L 
+L 

+s 

+L 

+vs 

— 

3.21 

NeutzBlisedto 
1.49. 

4.38 

Neutraliiedto 
1.40. 

•2.70 

•  8.42 

Neutraliiedto 
1.60. 

+L 
+L 

+L 
+L 

+L 
+L 

+L 
+L 

+L 
+M 

+L 
+M 

+L 
+L 

+B 
+L 

4 

+V8 

•2.00 

Neutraliiedto 
1.80. 

+L 

+M 

^ 

NoTK.— Acidity  of  normal  milk  in  experiment  1, 1.76;  in  experiment  II,  1.78. 

1  See  footnote  under  Table  1. 

*  After  4i  hours  incubation  at  37*  C. 

>  Acidity  after  adding  pure  cultures  to  milk  and  before  incubation. 


EFFECT  OF  HEAT  COMBINED  WITH  BENNBT  ACTION. 

Earlier  in  this  paper  we  have  shown  the  effect  of  heat  on  the  alcohd 
test  with  milk  of  high  and  low  acidity,  and  as  a  matter  of  general 
interest  the  effect  of  heat  on  the  alcohol  test  produced  by  rennet 
action  may  now  be  considered.  The  results  of  two  experiments 
shown  in  Table  13  explain  themselves  clearly.  SuflScient  rennet  wat 
added  to  two  samples  of  milk  to  cause  a  positive  alcohol  test  with  Ti 
and  68  per  cent  alcohol.  The  milk  was  then  heated,  and  it  was  f  ounq 
that  at  90®  C.  the  milk  no  longer  gave  a  positive  alcohol  test.  BotH 
experiments  showed  the  same  results. 
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Tabu  13. — Effed  of  heat  on  the  akohol  test  unth  miik  m  whfidi  the  poeUive  test  i§  dye  to 

rennet  action. 


MUk  heated 

Alcohol  test 

TSptfocnt 

aspffoffit. 

Ezperl- 
mentl. 

Expert- 

Expert- 
mentL 

Bxpcrt- 
mentn. 

•c. 

Not  heated... 
40 

«+L 

+L 
+L 
+L 
+8 

+L 
+L 
+L 
+L 
+V8 

+L 
+L 
+L 
+L 
+8 

+L 

+L 

+V8 

«) 

70 

80.-   .     . 

90 

Note.— Acidity  of  milk  in  experiment  1, 1.82;  in  experiment  IT,  1.84. 
1  See  footnote  uider  Table  1. 

The  results  which  we  have  shown  on  the  effect  of  rennet  action  in 
relation  to  the  alcohol  test  confirm  the  work  of  other  investigators, 
and  it  is  evident  that  the  rennet-forming  group  of  bacteria  in  imlk 
can  play  an  important  part  in  the  production  of  a  positive  alcohol  test. 

INFLUENCE  ON  THE  ALCOHOL  TEST  OF  CABBON  DIOXID  IN  MHJL 

There  are  probably  numerous  minor  factors  which  influence  the 
alcohol  test  with  market  milk.  While  the  two  principal  factors  are 
probably  acidity  and  the  effect  of  rennet  action,  it  is  believed  by  some 
investigators  that  carbon  dioxid  plays  a  more  or  less  important  part. 
Axizinger  (2)  foimd  that  milk  one  hour  old  which  gave  a  positive 
alcohol  test  gave  a  negative  test  after  it  had  been  held  for  18  hours. 
He  believes  that  carbon  dioxid  might  be  partly  responsible  for  such  a 
change. 

We  have  passed  carbon-dioxid  gas  into  milk  many  times  and  have 
always  been  able  to  cause  a  positive  alcohol  test.  In  one  experiment 
carbon-dioxid  gas  was  passed  into  nulk  imtil  the  acidity  was  2.36 
(titration  in  cold  milk  with  phenolphthalein  as  an  indicator),  and  a 
positive  alcohol  test  was  obtained  with  75  per  cent  and  68  per  cent 
alcohol.  As  is  shown  in  Table  14,  this  milk  was  heated  at  different 
temperatures  up  to  100°  C.  With  the  increase  in  temperature  the 
iddity  was  reduced,  due  probably  to  the  expelling  of  the  CO,.  Barill6 
(4)  has  shown  that  carbon  dioxid  forms  a  very  unstable  compoimd, 
i^iich  he  calls  carbono  phosphate  of  calcium  and  is  easily  broken  up 
by  heat.  When  the  temperature  reached  70°  C. ,  the  alcohol  test  with 
68  per  cent  alcohol  was  negative  and  the  acidity  had  been  reduced 
from  2.36  to  2.05.  At  90°  C.  the  acidity  was  1.91  and  the  alcohol 
test  was  negative  with  76  per  cent  alcohol. 

There  can  be  no  doubt  as  to  the  fact  that  carbon  dioxid  may  cause 
a  positive  alcohol  test,  provided  there  is  a  large  enough  amount  in  the 
82832*'--BuU.  202—16 3 
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milk.  In  order  to  determine  how  much  carbon  dioxid  was  required 
to  cause  a  positive  test  with  68  per  cent  alcohol,  the  gas  was  passed 
into  a  flask  of  fresh  milk  until  a  positive  alcohol  test  was  produced. 
The  amount  of  CO,  in  this  milk  and  in  the  ordinal  milk  was  then 
determined.^  It  was  found  that  the  normal  milk  contained  0.76  per 
cent  of  CO2  by  volimae  at  32°  C,  and  the  milk  through  which  the  gas 
had  been  passed  contained  13.05  per  cent  of  CO,  by  volume.  In  this 
experiment  it  was  necessary  to  increase  the  CO,  content  to  13.05  per 
cent  by  volume  in  order  to  cause  a  positive  alcohol  reaction  with 
68  per  cent  alcohol.  According  to  Kastle  and  Roberts  (14)  carbon 
dioxid  is  present  in  milk  to  the  extent  of  3  to  4  per  cent  by  volume 
and  partly  escapes  into  the  air  when  the  milk  is  drawn.  This  being  the 
case,  it  is  evident  that  there  is  not  enough  carbon-dioxid  gas  in  normal 
milk  to  cause  of  its  own  accord  a  positive  alcohol  test  with  68  i>er  cent 
alcohol.  Of  course,  the  presence  of  CO,  may  assist  other  factors  to 
cause  a  positive  alcohol  test  and  in  the  case  of  bacterial  fermentation 
where  the  gas  is  produced  it  might  play  a  smaH  part,  but  we  believe 
that  when  68  per  cent  alcohol  is  used  in  the  test  the  influence  of  00, 
in  mixed  market  milk  would  be  very  small,  if  it  has  any  effect. 

Table  14. — Effect  of  heat  on  alcohol  test  with  milk-made  add  to  phenolphthalein  wiik 

carbon  dioxid. 


Mnic  heated 
(0- 

Acidity. 

Alcohol  test. 

75  per  cent 

68  per  cent. 

•c. 

Not  heated 
40 
50 
60 
70 
80 
00 
100 

Original  milk 

2.36 
2.32 
2.30 
2.10 
2.05 
2.06 
1.91 
1.92 
1.90 

+L 

+L 

+M 

+vs 

+L 
+M 
+V8 

1  See  footnote  tinder  Table  1. 
THE  RELATION  OF  THE  ALCOHOL  TEST  TO  THE  BACTERIA  IN  MIXED  BfARKET  MHJC 

Having  discussed  the  effect  of  acidity  and  the  effect  of  rennet 
action  on  the  alcohol  test,  let  us  consider  the  relation  of  the  test  to  the 
bacteria  in  market  milk.  Since  an  increased  acidity  and  also  rennet 
action  may  cause  a  positive  test,  it  is  natural  to  suppose  that  there 
may  be  some  definite  relation  between  the  alcohol  test  and  the  number 
of  bacteria  in  milk,  as  the  increase  in  the  acidity  and  the  rennet  in 
milk  is  the  result  of  bacterial  growth. 

It  is  claimed  by  some  authorities  that  the  alcohol  test  is  of  great 
value  for  determining  the  freshness  of  milk,  and  as  this  is  a  question 

1  We  are  Indebted  to  Dr.  Clark,  of  the  Dairy  Division  laboratory,  for  thit  analysii. 
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of  great  importance  we  have  examined  a  nmnber  of  samples  of  market 
milk  which  had  been  held  for  a  number  of  days. 

In  Table  15  are  shown  the  results  of  the  examination  of  four  samples 
of  market  milk.  One  was  raw  milk  and  the  others  were  pasteurized. 
Each  bottle  of  milk  was  obtained  from  a  different  dairy  and  was  held 
in  a  refrigerator  at  a  temperature  of  about  9^  C.  The  acidity  and 
alcohol  test  were  determined  daily  and  bacterial  counts  were  made  on 
the  first  day  and  again  when  the  68  per  cent  alcohol  gave  a  positive  test. 

It  is  evident  from  the  results  obtained  that  the  alcohol  test  (68  per 
cent)  does  not  show  the  freshness  of  milk.  The  samples  were  held 
from  8  to  13  days  at  9^  C.  before  the  alcohol  test  became  positive,  and 
during  that  time  the  bacteria  had  increased  to  more  than  100,000,000 
per  cubic  centimeter. 


Table  15. 

■—Effect  on  the  alcohol  te$t  of  holding  milk  at  S 

►<»C. 

ss 

Raw  milk. 

PwteariiedmOkA. 

Add- 

AJooholtest. 

Bacteria 

perooblo 

centimeter. 

Add- 
ity. 

Aksoholtest. 

Bacteria 

percabio 

centimeter. 

76 
per 
eent 

08 

per 
cent 

44 
cffi. 

75 
per 
cent 

08 

44 

10 

u 

12 
U 
14 

L73 

1+V.S. 
+V.8. 
+V.8. 
+  V.8. 

- 

- 

8,200 

- 

*" 

- 

37,000 

L96 
Z03 

+V.8. 

+vr8. 

-- 

- 

+8. 

- 

- 

/ 

L78 
L88 
L88 

Z06 
2.43 
Z72 

+     M. 
+     L. 
+     L. 

+¥• 

+  L. 

- 

Z30 
2.48 
2.75 

+L. 
+L. 
+L. 

+iff. 

+L. 
+L. 

+1. 

242,000,000 

'*i46,'666,'666' 

620,000,000 

^ 

Pasteurised  milk  B. 

PMteoriaed  milk  0. 

Acid- 
ity. 

Aloolioltest. 

Bacteria 

per  cubic 

centimeter. 

Add^ 
Ity. 

AJooholtest. 

Bacteria 

per  cubic 

centimeter. 

75 
cent. 

08 
per 
cent. 

44 

76 
per 
cent. 

08 
per 
cent. 

44 

per 
cent 

0 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

L74 

+  L. 

+M. 
+M. 

- 

_^ 

182,000 

- 

- 

— 

133,000 

L76 



L88 

"ioo" 

2.10 
2.38 

+M. 

+1C 
+lf. 
+1C 
+  L. 

+  L. 

- 

+M. 
+  L. 
+  L. 

+  L. 
+  L. 

+M. 

145,000,000 

2.12 
2.34 
2.77 

221,000,000 

650,000,000 

2.45 

+  L. 

+  L. 

+lf. 

700,000,000 

1  See  footnote  under  Table  1. 
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EFFECT  OP  HOLDING   THE   MILK   AT  DIFFERENT  TEMPERATURES. 

The  temperature  at  which  the  milk  is  held  would,  of  course, 
aflFect  the  length  of  time  before  the  alcohol  test  becomes  positive. 
To  show  the  effect  of  temperature  we  hold  samples  of  raw  and  pas- 
teurized milk  at  9°  C.  and  also  at  room  temperature,  and  examined 
them  in  the  same  manner  as  in  the  preceding  experiment.  The 
results  are  shown  in  Table  16.  In  order  to  have  about  the  same 
bacterial  content  in  the  milk  held  at  the  different  temperatures,  a 
quart  of  milk  was  thoroughly  mixed  and  placed  in  sterilized  pint 
bottles. 

The  results  show  clearly  that  the  temperature  at  which  milk  is  held 
has  a  marked  influence  on  the  time  when  the  alcohol  test  will  be  posi- 
tive. Also,  as  shown  by  sample  of  raw  mUk  C,  the  bacterial  content 
of  the  milk  is  an  important  factor.  In  all  the  samples  it  will  be  no- 
ticed that  the  bacterial  counts  show  an  exceedingly  high  number 
when  the  68  per  cent  alcohol  test  was  positive. 


Table  16. — Comparison  of  the  alcohol  tests  with  milk  held  at  9*^  C.  and  at  24^  C. 


1 

Days 
held. 

Raw  milk  A. 

Pasteurized  milk  B. 

Temper- 
ature at 
which 
held. 

Acid- 
ity. 

Alcohol  lest. 

Bacteria  per 
cubic  centi- 
meter. 

Acid- 

ity. 

Alcohol  test. 

Bacteria  per 
cubic  centi- 
meter. 

75 
per 
cent. 

68 
per 
cent. 

44 

per 
cent. 

75 
per 

Cent. 

68 
per 
cent. 

44 
per 
cent. 

OT... 

0 
1 
2 

:i 

4 

5 

l.Ho 

1.90 
l..H(> 
1.79 

~~ 

~ 

~" 

1,600 

1.65 
1.60 
1.60 
1.70 
1.71 

- 

"~ 

- 

139,000 

Room 
tem- 
pera- 
tur©i2 

c 

l.M 

- 

- 

- 

1.60 
1.80 
1.&5 

i-Ts 

- 

"" 

7 
8 
9 
10 
11 
12 
13 
14 
17 

0 
l(9a.m.) 
1(3  p.m.) 

1.90 
1.80 

i.'so' 

1.72 

2.00 

197,000,000 

2.70 
4.'i 

1.8.5 
1.90 
3.1 

+  L 
+L 

-Tl 

+1 

-Tl 

-Tl 

-Tl 

400,000,000 

2.3 

+L 

+M 

- 

960,000,000 

440,000,000 
2,900 

4.3 

1.65 
1.85 
3.70 

-fL 

-Ts 

-fL 

-Tl 

+L 

146,000 
33,600,000 
694,000,000 

534,000,000 

1  See  footnote  under  Table  1. 


«  About  24*  C. 
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Table  16. — C<mj>ari$(m  of  the  alcohol  tetto  with  mUk  held  at  9""  C.  and  at  t4'*  C— 

Contiiiued. 


Temper- 
ature at 
which 
held. 

SSf 

Raw  milk  C. 

Acid- 
ity. 

Alcohol  test. 

Becterteper 
cubic  centi- 
meter. 

75 

08 

44 

cent 

9*C 

Room 
tem- 
pera- 
tare*. 

0 

1 

3 
8 

4 
5 

e 

7 
8 
0 
10 
11 
13 
13 
14 
17 

0 
l(9a.m.) 

1.86 
1.80 
1.96 
3.86 

+  L 

XI 

~" 

7,870,000 

93,000,000 
130,000,000 
188,000,000 

X88 

+  L 

+L 

+M 

430,000,000 

L86 
4.00 

^ 

^ 

^ 

7.010,000 
Curdled. 

I  See  footnote  under  Table  1. 


«  About  24*C. 


At  various  times  different  inyestigators  have  used  the  alcohol  test 
on  market  milk.  Aumhammer  (1)  in  an  examination  of  250  samples 
of  market  milk  during  July  and  August  of  1907  found  the  68  per  cent 
alcohol  test  positive  in  82  samples.  In  a  study  of  market  milk  in 
Philadelphia,  Campbell  (5)  found  that  37  of  100  samples  of  milk  gave 
a  positive  test  with  68  per  cent  alcohol.  Of  these  37  samples  17 
contfdned  less  than  and  20  more  than  1,000,000  bacteria  per  cubic 
centimeter.  It  was  found  by  Nurenberg  and  Lythgoe  (23)  during  an 
examination  of  2,600  samples  of  market  milk  that  only  63  gave  a 
positive  test  with  68  per  cent  alcohol. 

We  made  alcohol  tests  on  236  samples  of  Washington  market 
milk  during  the  period  from  March  20  to  June  4,  1914.  These 
samples  and  their  bacterial  counts  were  suppUed  by  the  Health 
Department,  District  of  Columbia.*  Of  the  236  samples  we  found 
that  37  gave  an  alcohol  test  with  75  per  cent  alcohol,  20  with  68  per 
cent  alcohol,  and  5  with  44  per  cent  alcohol.  The  samples  which 
gave  a  positive  test  are  tabulated  in  Table  17  with  their  acidity  and 
bacterial  coimts.  There  were  177  samples  of  raw  milk  and  59  samples 
of  pasteurized  milk  in  the  236  samples  examined.  As  may  be  seen 
from  the  table,  35  of  the  raw-milk  samples  gave  a  positive  test  with 
75  per  cent  alcohol  and  only  2  of  the  59  samples  of  pasteurized  milk. 

1  We  take  ttik  oooaskm  to  express  our  thanks  to  Dr.  EJnjroun  and  Dr.  Dieter,  of  the  Health  Depart- 
far  the  samples  of  market  milk  and  their  bacterial  counts  which  they  so  kindly  furnished  us. 
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Table  17. — Raw  and  pastevrized  market  milk  which  gave  positive  alcohol  tesU. 


Alcohol  tests. 

Milk. 

Rftin- 
ple 

Acidity. 

Bacteria  per 
cubic 

nuni- 
ber. 

centimeter. 

75 

68 

44 

percent. 

percent. 

percent. 

Raw 

2 

2.01 
2.30 

2,100 
7,000 

>+M 
+  L 

+VS 
+M 

- 

3 

2.00 

12,000 

+M 

— 

4 

1.60 

14.000 

+M 

+s 

— 

6 

1.97 

18,000 

+M 

— 

6 

1.92 

24,000 

+M 

+8 

+V8 

7 

1.91 

24,000 

+S 

— 

— 

8 

1.70 

29,000 

+s 

— 

— 

9 

1.62 

61,000 

+  M 

+8 

— 

10 

2.30 

67,000 

+  L 

+M 

— 

11 

1.79 

+M 

+8 

+  V8 

12 

1.75 

+s 

— 

13 

2.00 

+M 

— 

— 

14 

1.94 

+M 

— 

— 

15 

1.90 

+8 

— 

— 

16 

2.06 

+L 

+M 

— 

17 

1.95 

+M 

+V8 

— 

18 

1.76 

+VS 

— 

— 

19 

1.75 

+8 

— 

— 

20 

l.SO 

+M 

+8 

— 

21 

1.70 

+M 

— 

22 

2.03 

-fS 

— 

— 

Zi 

1.90 

+8 

— 

— 

24 

1.95 

+M 

+8 

— 

25 

2.45 

+  L 

+M 

+VS 

26 

1.95 

+M 

+M 

— 

27 

1.93 

-fVS 

— 

— 

28 

2.15 

+M 

+8 

— 

29 

2.19 

+  M 

+8 

— 

30 

3.65 

+  L 

+L 

+L 

31 

1.90 

+M 

— 

— 

32 

2.05 

+  M 

— 

— 

33 

1.95 

+M 

+M 

— 

34 

2.55 

+  L 

+  L 

+  L 

35 

2.10 

+  L 

+M 

— 

Pasteuriied.. 

1 

1.68 

+8 

_ 

2 

1.90 

+M 

+8 

— 

»  See  footnote  under  Table  1. 
RESULTS   OP  TESTS   WITH    SAMPLES   OP   KNOWN    BACTERLA.L  CONTENT. 

When  we  consider  the  alcohol  test  in  relation  to  the  number  of 
bacteria  in  milk,  a  short  survey  of  the  results  is  sufficient  to  show 
that  there  is  no  definite  relation.  Of  the  35  samples  of  raw  milk 
which  showed  a  positive  test  with  75  per  cent  alcohol,  16,  or  45.7 
per  cent,  contained  less  than  500,000  bacteria  per  cubic  centimeter. 
Of  the  19  samples  positive  with  68  per  cent  alcohol,  8,  or  42.1  per  cent, 
contained  less,  and  11,  or  57.9  per  cent,  more  than  500,000  bacteria 
per  cubic  centimeter.  Of  the  5  samples  positive  with  44  per  cent 
alcohol,  2  samples,  or  40  per  cent,  contained  less,  and  3,  or  60  per  cent, 
more  than  500,000  bacteria  per  cubic  centimeter.  The  number  of 
bacteria  in  samples  which  gave  a  positive  alcohol  test  ranged  from 
2,100  to  21,200,000  per  cubic  centimeter. 

The  samples  of  pasteurized  milk  which  showed  a  positive  alcohol 
test  had  a  very  low  bacterial  count. 

In  order  fm-ther  to  show  that  the  alcohol  test  has  no  definite 
relation  to  the  bacterial  count,  there  are  tabulated  in  Tables  18  and  19 
the  samples  of  raw  and  pasteurized  milk  which  gave  negative  alcohol 
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tests,  together  with  their  acidity  and  bacterial  counts.  We  wish  to 
call  particular  attention  to  the  bacterial  counts  of  142  samples  of 
raw  milk  which  ranged  from  2,000  to  19,600,000  bacteria  per  cubic 
centimeter.  Of  these  142  samples  none  gave  a  positive  alcohol  test, 
yet  86,  or  60.6  per  cent,  contained  less  than  and  39.4  per  cent  more 
than  500,000  bacteria  per  cubic  centimeter. 

The  bacterial  counts  of  the  samples  of  pasteurized  milk  which  gave 
a  negative  alcohol  test  ranged  from  1,200  to  3,600,000  per  cubic 
centimeter,  as  may  be  seen  from  Table  19. 

From  our  results  we  beUeve  that  there  is  no  definite  relation  between 
the  alcohol  test  and  the  bacterial  count,  except  in  special  cases  where 
the  bacteria  have  developed  to  a  point  where  there  is  sufficient  acid 
produced  or  where  rennet-forming  bacteria  have  acted  sufficiently 
to  influence  the  test. 

Tabls  18. — Acidity  and  bacterial  count  of  samples  of  raw  market  milk  which  gave  negative 
alcohol  tests  with  75  per  cent,  68  per  cent,  and  44  per  cent  alcohol. 


Sam- 

Acid- 
ity. 

Bacteria 

per  cubic 

centimeter. 

Sam- 

Acid- 
ity. 

Bacteria 

per  cubic 

centimeter. 

Sam- 

Acid- 
ity. 

Bacteria 
per  cubic 
centimeter. 

1 

1.06 

•      2,000 

49 

1.82 

82,000 

97 

1.95 

2 

ZIO 

5,000 

50 

1.75 

86,000 

98 

1.85 

3 

1.85 

6,000 

51 

1.06 

92,000 

99 

1.80 

4 

1.75 

7,000 

52 

1.90 

93,000 

100 

1.60 

5 

1.82 

8,000 

53 

1.85 

93,000 

101 

1.62 

6 

2L06 

8,000 

54 

1.60 

106,000 

102 

1.60 

7 

2.05 

8,500 

65 

1.70 

109,000 

103 

1.90 

8 

L83 

11,000 

56 

1.93 

115,000 

104 

1.90 

9 

1.92 

13,000 

57 

ZOO 

118.000 

106 

1.80 

10 

1.97 

13,000 

58 

L87 

120,000 

106 

1.75 

U 

1.75 

14,000 

59 

ZOO 

120,000 

107 

1.75 

12 

2.00 

14,000 

60 

1.75 

130,000 

106 

1.75 

13 

X15 

16,000 

61 

1.75 

132,000 

109 

1.66 

14 

2L10 

18,000 

g 

ZOO 

147,000 

110 

1.70 

15 

1,75 

21,000 

1.85 

149,000 

111 

1.90 

le 

L95 

21,000 

64 

1.90 

150,000 

112 

1.70 

17 

1.02 

22.000 

65 

1.90 

157,000 

113 

1.85 

18 

2.15 

22,000 

66 

1.48 

160.000 

114 

1.85 

19 

1.80 

25,000 

67 

ZOO 

164,000 

115 

1.80 

20 

1.52 

26.000 

68 

1.85 

172,000 

116 

Z06 

21 

1.80 

26,000 

60 

1.80 

206,000 

117 

1.70 

22 

1.96 

26,000 

70 

ZOO 

210,000 

118 

1.98 

23 

L89 

27,000 

71 

Z03 

212,000 

119 

Z20 

24 

L66 

20,000 

72 

1.90 

214,000 

120 

ZIO 

25 

ZOO 

32,000 

73 

1.85 

216,000 

121 

1.74 

26 

LflO 

33,000 

74 

ZOO 

220,000 

122 

1.75 

27 

1.84 

33,000 

75 

1.82 

238,000 

123 

1.85 

28 

1.66 

34,000 

76 

1.83 

238,000 

124 

1.90 

29 

1.76 

34,000 

77 

ZOO 

242,000 

125 

1.85 

30 

2.10 

35,000 

78 

1.70 

266.000 

126 

1.71 

31 

1.90 

36,000 

79 

Z02 

268,000 

127 

1.70 

32 

1.97 

36,000 

80 

1.90 

270,000 

128 

1.80 

33 

1.74 

37,000 

81 

1.80 

278.000 

129 

1.70 

34 

1.75 

87,000 

82 

1.80 

310,000 

130 

Z07 

35 

1.56 

38.000 

83 

1.80 

350.000 

131 

1.86 

36 

L80 

88,000 

84 

1.75 

360,000 

132 

1.96 

37 

ZOO 

39,000 

85 

422,000 

133 

Z15 

38 

1.75 

42,000 

86 

***zi6* 

451,000 

134 

Z06 

39 

1.81 

42,000 

87 

1.80 

506,000 

135 

1.80 

40 

LTO 

43,000 

88 

Z06 

510,000 

136 

1.80 

41 

L80 

46,000 

89 

1.90 

560,000 

137 

1.85 

42 

1.78 

61,000 

90 

1.75 

610,000 

138 

1.90 

43 

1.90 

54,000 

91 

ZIO 

620,000 

139 

1.80 

44 

1.86 

56,000 

92 

1.88 

624,000 

140 

1.90 

45 

LOO 

63,000 

93 

1.70 

640,000 

141 

1.85 

46 

L75 

60,000 

94 

1.74 

740,000 

142 

Z15 

47 

LOO 

74,000 

95 

1.75 

740,000 

48 

L71 

79,000 

96 

ZOO 

800,000 
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Table  19. — AcidUy  and  baeterial  count  of  iomples  of  pa$teurized  market  mUk  wkith 
gave  negative  atcohol  test$  with  76  per  cent^  68  per  cent,  and  44  per  cent  alcohol. 


Sam- 

Acid- 
ity. 

Bacteria 

Sam- 

Acid- 
ity. 

Bacteria 

Sam- 

Acid- 
ity. 

Bacteria 

«S 

per  cubic 
centimeter. 

«!?. 

percobie 
centimeter. 

^0. 

peroabio 
centimeter. 

1 

1.85 

1,200 

20 

1.75 

15,000 

89 

L86 

104,000 

3 

L77 

1200 

31 

1.70 

16,000 

40 

2.06 

110,000 

3 

1.66 

1900 

22 

1.66 

16,000 

41 

1.66 

114,000 

4 

L75 

3,000 

23 

Z05 

16,000 

42 

L76 

120,000 

5 

1.66 

4,000 

24 

LOO 

17,600 

43 

1.80 

183,000 

6 

1.80 

5,000 

25 

L78 

21,000 

44 

1.75 

194,000 

7 

1.86 

7,000 
7,600 

26 

L66 

21,000 

46 

L73 

264,000 

8 

1.86 

27 

1.80 

24,000 

47 

1.70 

284,000 

9 

1.80 

8,000 

28 

L83 

82,000 

48 

1.90 

340,000 

10 

1.80 

9,000 

29 

L67 

37,000 

49 

L76 

446,000 

11 

1.71 

9,000 

30 

L96 

41,000 

50 

L85 

720,000 

12 

1.75 

11,000 

31 

1.75 

52,000 

51 

L65 

740,000 

13 

1.86 

11,000 

32 

L90 

59,000 

52 

L76 

940,€00 

14 

1.70 

11,000 

33 

L85 

62,000 

53 

1.74 

1,280,000 

15 

1.65 

12,000 

34 

L85 

64  000 

54 

L60 

1,600,000 

16 

1.85 

13,000 

35 

1.70 

65,000 

55 

L97 

2,460,000 

17 

L76 

14,000 

36 

1.75 

68,000 

56 

1.60 

3,100,€00 

18 

1.75 

15,000 

37 

1.80 

71,000 

57 

2.00 

3,600,000 

19 

L80. 

15,000 

38 

L70 

74,000 

In  the  early  stages  of  the  growth  of  acid-formmg  bacteria  in  milk, 
when  the  numbers  are  low,  there  is  a  period  in  which  a  rapid  increase 
in  nmnbers  takes  place  without  any  increase  in  acidity  which  can  be 
detectiBd  by  ordinary  chemical  methods,  or  it  may  occur  with  only  a 
slight  increase  in  acidity;  consequently  if  the  alcohol  test  were  made 
during  that  period  there  would  be  a  high  bacterial  count  and  yet  not 
high  acidity  enough  to  cause  a  positive  alcohol  test.  The  same  is 
true  of  the  action  of  the  rennet-forming  bacteria  in  their  growth  and 
action,  as  we  have  shown  earlier  in  this  paper  when  dealing  with  the 
relation  of  acidity,  and  also  the  effect  of  rennet  on  the  alcohol  test. 
Besides  these  facts  there  are  other  groups  of  bacteria  which  may 
develop  in  milk  and  yet  have  no  influence  on  the  alcohol  test,  as,  for 
example,  the  alkali-forming  group  of  bacteria.  We  have  tried  cul- 
tures of  this  group  of  organisms  and  found  that  they  did  not  produce 
a  positive  alcohol  test.  There  are  other  groups  of  bacteria  in  the 
flora  of  milk,  such  as  the  inert  group,  which  also  would  probably 
develop  without  influencing  the  alcohol  test  in  any  way.  When  vre 
consider  all  these  facts  it  is  not  strange  that  there  is  no  definite 
relation  between  the  bacterial  flora  of  milk  and  the  bacterial  count. 

When  the  68  per  cent  alcohol  test  is  positive  with  a  sample  of 
market  milk,  it  is  evidence  that  there  is  some  change  in  the  milk  from 
normal.  In  some  cases  it  may  be  due  to  an  increased  acidity  and  in 
consequence  a  change  in  the  casein  of  the  milk,  due  to  bacterial 
action.  In  other  cases  it  may  be  due  to  a  pure  rennet  fermentation 
or  there  may  be  a  combination  of  an  acid-and-rennet  fermentation. 
In  such  cases  the  bacterial  count  would  undoubtedly  be  high.  Ho^nt- 
ever,  there  still  remains  to  be  explained  the  reason  for  a  positive 
alcohol  test  in  samples  of  market  milk  with  a  low  bacterial  count  and 
low  acidity. 


Digitized  by 


Google 


THE  ALCOHOL  TEST  IN   RELATION   TO   MILK.  25 

We  can  not  see  that  the  alcohol  test  is  of  any  particular  value  in 
ibe  control  of  a  market  milk  supply  except  as  a  means  of  evidence 
that  milk  from  a  particular  source  is  abnormal  in  some  way  and 
ahoidd  be  examined  by  other  tests.  It  might  be  of  value  at  a  re- 
ceiving station  as  a  means  of  detecting  sour  milk,  but  the  test  would 
be  expensive  compared  with  the  use  of  alkaline  tablets  for  the  rapid 
determination  of  acidity  as  described  by  Farrington  and  WoU  (9). 

THE  TITRATION  METHOD  OF  APPLYING  THE  ALCOHOL  TEST. 

From  the  simple  alcohol  test  in  which  a  definite  volume  of  a  definite- 
percentage  alcohol  is  added  to  an  equal  volume  of  milk  there  has 
developed  a  method  in  which  a  definite  volume  of  milk  is  titrated 
with  certain  percentages  of  alcohol  imtil  a  coagulation  of  the  milk  is 
produced. 

L5hnis  (16)  has  found  this  titration  method  to  be  of  value  as  a  test 
for  the  quality  of  market  milk.  He  found  that  there  was  quite  a 
definite  relation  between  the  titration  with  80  per  cent  alcohol  and 
the  bacterial  content  of  market  milk.  He  titrated  2  c.  c.  of  milk  in  a 
beaker  against  a  black  background  with  90,  80,  and  70  per  cent  alco- 
hols, the  titration  being  made  at  a  temperature  of  from  16®  to  20*^  C. 
The  first  appearance  of  flakes  was  considered  the  end  point. 

We  have  used  this  method  in  the  titration  of  116  samples  of  market 
milk  furnished  with  bacterial  counts  by  Dr.  Einyoun  and  Dr.  Dieter, 
of  the  Health  Department  of  the  District  of  Columbia.  In  our 
titrations  of  92  samples  of  raw  and  24  samples  of  pasteurized  milk  we 
have  not  found  any  definite  relation  between  the  titration  with  90 
per  cent  and  80  per  cent  alcohols  and  the  bacterial  count.  In  Table 
20  b  shown  the  acidity,  bacterial  counts,  and  alcohol  titration  of  92 
samples  of  raw  milk,  and  in  Table  21  the  results  of  an  examination 
of  24  samples  of  pasteurized  milk.  The  bacterial  counts  of  the  raw 
milk  ranged  from  2,100  to  20,600,000  per  cubic  centimeter,  and  the 
pasteurized  milk  from  1,200  to  3,100,000  bacteria  per  cubic  centimeter. 
Consequently  we  were  able  to  titrate  samples  having  a  great  variation 
in  their  bacterial  content.  If  a  study  is  made  of  the  bacterial  counts 
and  the  alcohol  titrations  shown  in  Tables  20  and  21  it  will  be  seen 
that  there  is  no  definite  relation  between  them.  In  order  to  bring 
this  point  out  more  clearly  the  titrations  of  samples  containing  more 
than  500,000  and  less  than  500,000  bacteria  per  cubic  centimeter 
have  been  averaged,  as  shown  in  Table  22.  The  average  titration 
with  90  per  cent  alcohol  of  46  samples  of  raw  milk  containing  more 
than  500,000  bacteria  per  cubic  centimeter  was  1.95  c.  c,  while  the 
average  titration  of  46  samples  containing  less  than  500,000  per  cubic 
centimeter  was  2.39  c.  c.  The  average  titration  of  46  samples  with 
80  per  cent  alcohol  was  4.61  c.  c.  .when  the  bacterial  count  was  more 
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than  500,000  per  cubic  centimeter  and  5.61  c.  c.  when  the  counts 
were  less  than  500,000  per  cubic  centimeter.  The  average  titrations 
of  the  pasteurized  milk  samples  showed  even  smaller  differences. 
The  small  differences  in  the  average  titration  of  samples  with  a  high 
and  a  low  bacterial  count  show  that  there  is  little,  if  any,  relation 
between  the  alcohol  titration  and  the  bacterial  coimt.  This  is  shown 
even  more  strikingly  in  Table  23,  where  the  range  in  titrations 
among  samples  grouped  according  to  bacterial  coimts  is  recorded. 
With  these  extreme  ranges  among  samples  of  milk  with  high  and  low 
bacterial  contents  it  would  be  almost  impossible  to  interpret  an 
alcohol  titration  in  terms  of  bacteria. 

Table  20. — Alcohol  titrations  of  raw  market  milk. 


Alcohol  titra- 

Alcohol atTft. 

Sam- 

Bacteria 

tion. 

Ram- 
&o. 

Bacteria 

tiOD. 

Acid- 
ity. 

per  cubic 

Acid- 
ity. 

per  cubic 
centi- 

centi- 

meter. 

90  per 

80  per 

meter. 

90  per 

80  per 

cent. 

cent. 

cent. 

cent. 

c.e. 

c.e. 

e.c. 

c.e 

1 

2.01 

2,100 

1.03 

1.86 

47 

1.80 

506,000 

1.50 

1.80 

2 

2.80 

7,000 

.51 

.93 

48 

kll 

610,000 

2.93 

6.25 

8 

1.76 

7,000 

2.17 

6.30 

49 

620,000 

1.80 

5.10 

4 

1.82 

8,000 

2.76 

4.54 

50 

1.88 

624,000 

2.91 

0.20 

6 

2.05 

8,500 

2.00 

6.30 

51 

1.74 

740,000 

2L96 

6.80 

6 

1.76 

14,000 

2.21 

4.67 

52 

1.75 

812,000 

1.91 

6.78 

7 

2.16 

16,000 

2.80 

7.60 

53 

1.80 

860,000 

1.62 

3.00 

8 

1.95 

21,000 

2.70 

7.43 

54 

1.62 

906,000 

1.68 

3.30 

9 

1.91 

24,000 

1.50 

3.08 

55 

1.69 

910,000 

2.08 

6.13 

10 

1.80 

25,000 

3.29 

11.73 

56 

1.80 

920,000 

1.85 

4.50 

11 

1.62 

26,000 

8.12 

7.28 

57 

1.75 

1,040,000 

1.02 

4.37 

12 

L66 

20,000 

2.68 

10.07 

58 

1.75 

1,100,000 

2.36 

4.00 

13 

2.00 

82,000 

3.64 

9.59 

50 

l.i5 

1,170,000 

2.20 

6.04 

14 

LOO 

33,000 

2.56 

5.55 

60 

1.65 

1,200,000 

1.90 

6.76 

16 

L65 

34,000 

2.48 

5.51 

61 

1.76 

1,800,000 

2.72 

6.60 

16 

2.10 

35,000 

1.24 

2.71 

62 

1.70 

1,400,000 

1.63 

3.74 

17 

L76 

37,000 

2.26 

4.40 

63 

1.85 

1,400,000 

2.36 

4.42 

18 

L80 

38,000 

2.71 

6.60 

64 

1.85 

1,460,000 

8.04 

0.61 

19 

1.55 

38,000 

3.06 

6.92 

65 

1.80 

1,600,000 

1.23 

5.40 

20 

L75 

42,000 

3.00 

4.28 

66 

2,08 

1,600,000 

2.51 

6.94 

21 

L80 

46,000 

2.78 

9.68 

67 

1.70 

1,630,000 

2.40 

6.00 

22 

2.30 

67,000 

.50 

1.1 

68 

2.20 

1,800,000 

1.30 

2.37 

23 

L76 

09,000 

2.58 

5.98 

60 

1.70 

2,100,000 

1.16 

i.eo 

24 

L90 

74,000 

3.03 

6.33 

70 

2.03 

2,120,000 

1.16 

2.34 

26 

L71 

79,000 

3.50 

6.91 

71 

1.74 

2,210,000 

2.10 

3.96 

26 

L85 

93,000 

1.57 

4.36 

72 

1.75 

2,260,000 

1.81 

4.12 

27 

L70 

100,000 

3.04 

5.20 

73 

1.85 

2,340,000 

2.42 

4.78 

28 

L87 

120,000 

2.46 

5.80 

74 

2.45 

2,600,000 

.78 

.97 

29 

L75 

130,000 

1.60 

3.20 

75 

1.71 

2,840,000 

2.95 

3.07 

30 

L76 

132,000 

2.72 

10.45 

76 

1.70 

2,900,000 

2.12 

6.36 

31 

2.00 

147,000 

1.72 

3.80 

77 

1.80 

2,920,000 

3.00 

6.85 

32 

L85 

149,000 

3.54 

8.17 

78 

1.70 

3,300,000 

2.80 

6.30 

33 

1.80 

160,000 

1.48 

2.49 

79 

2.00 

3,600,000 

1.90 

5.40 

34 

1.80 

206,000 

3.16 

5.52 

80 

1.85 

4,300,000 

2.05 

5.00 

36 

2.00 

210,000 

2.68 

7.00 

81 

1.98 

4,700,000 

1.40 

3.90 

36 

2.03 

212,000 

2.35 

5.70 

82 

1.06 

4,800,000 

1.46 

2.70 

87 

LOO 

214,000 

1.68 

4.52 

83 

2.05 

6,300,000 

1.60 

2.68 

38 

L82 

238,000 

2.75 

7.00 

84 

1.80 

5,700,000 

2.94 

7.25 

39 

2.00 

242,000 

1.24 

2.90 

85 

1.85 

6,900,000 

1.01 

2.41 

40 

1.76 

266,000 

1.05 

3.94 

86 

2.19 

8,600,000 

.92 

1.86 

41 

2.02 

268,000 

2.57 

6.20 

87 

1.80 

8,800,000 
12,600,000 

2.96 

10. 8S 

42 

1.90 

270,000 

2.74 

4.45 

88 

1.90 

1.83 

5.10 

43 

1.80 

278,000 

3.22 

a70 

89 

1.85 

12,700,000 

1.40 

2.43 

44 

1.80 

310,000 

2.34 

4.58 

90 

2.15 

19,600,000 

1.56 

3.10 

45 

1.80 

350,000 

2.68 

4.67 

91 

1.95 

20,400,000 

.86 

1.40 

40 

L75 

360,000 

2.35 

5.29 

92 

2.55 

20,600,000 

.62 

.60 
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Tablb  21. — Alcohol  titrations  of  pasteurized  market  milk. 


Ak»hol  tttia- 

Alcohol  titra- 

Bam- 

Bacteria 

tiOD. 

Sam- 

Bacteria 

tion. 

fife 

Acid- 
ity. 

percabio 
oeQtImeter. 

^0. 

Acid- 
Ity. 

per  cubic 
centimeter. 

OOper 

80  per 

' 

OOpcr 

80  per 

cent. 

cent. 

cent. 

cent. 

C.C 

e.  e. 

e.e. 

c.e. 

1 

1.77 

1,200 

2.20 

5.74 

13 

1.70 

66,000 

2.88 

5.04 

2 

L70 

11,000 

3.84 

6.76 

14 

1.75 

68,000 

2.40 

5.50 

1.65 

12,000 

3.06 

8.80 

15 

1.80 

71,000 

2.60 

4.40 

1.85 

13.000 

1.56 

4.43 

16 

1.85 

101,000 

2.43 

3.06 

1.75 

14,000 

1.06 

3.10 

17 

1.70 

120,000 

2.10 

5.06 

L75 

15,000 

2.22 

3.42 

18 

1.75 

m,ooo 

3.05 

6.01 

1.70 

10,000 

2.76 

4.10 

19 

1.73 

264.000 

2.24 

3.00 

1.78 

21,000 

2.33 

5.01 

20 

1.70 

284,000 

2.86 

5.48 

1.80 

24,000 

1.60 

0.10 

21 

1.76 

446,000 

1.82 

5.34 

10 

1.90 

60,000 

2.67 

3.68 

22 

1.00 

1,600,000 

2.10 

4.78 

11 

1.85 

02,000 

2.23 

5.47 

23 

L07 

2,460,000 

2.06 

3.66 

12 

1.60 

03,000 

2.63 

3.24 

24 

1.00 

8,100,000 

3.53 

7.07 

Tabus  22. — Avarxge  alcohol  titrations  of  samples  of  raw  and  pasteurized  marhet  miXk  in 

tables  to  and  tl. 


Mflk. 

Number 

of 
samples. 

Bacteria  per  cubic 
centimeter. 

Average  alcohol 
titration. 

00  per 
cent. 

80  per 
cent. 

Raw 

40 

46 

3 

21 

More  than  500,000 . 
Less  than  500,000.. 
More  than  500,000.. 
Lees  than  500.000.. 

e,e. 
1.06 
2.30 
2.67 
2.28 

e.e. 
4.61 
5.61 
5.17 
5.02 

PasteuriMd.. 

Table  23. — Range  in  akohol  Obrations  ofmmket  mUk  shown  in  detail  in  tables  tO  andtl. 


Bacteria  per  cubic  centimeter. 

Alcohol  titration. 

00  per  cent. 

80  per  cent 

Lowest. 

Highest. 

Lowest. 

Highest. 

20  samides  with  lees  than  100,000 

aosamples  with  firom  100,000  to  1,000,000 
30  samples  with  over  1,000,000 

e.e. 
0.51 
L24 
.52 

c.e. 
3.64 
3.54 
3.04 

e.e. 
0.93 
1.80 
.60 

e.e. 
11.73 
10.45 
10.83 

For  the  sake  of  clearness  we  have  plotted  in  figure  1  the  bacterial 
countB  and  the  90  per  cent  alcohol  titration.  In  this  figure  the 
titrations  of  116  samples  of  milk  were  plotted  as  ordinates  and  the 
logarithms  of  the  bacterial  coimts  as  abscissae.  The  numbers  3,  4, 
5,  6,  7,  and  8  represent  the  mantissa  of  the  logarithms  of  the  bacterial 
counts.  Consequently  from  3  to  4  was  plotted  the  logarithm  of 
samples  with  a  bacterial  count  of  from  1,000  to  9,999,  from  4  to  5 
counts  from  10,000  to  99,999,  and  so  on,  as  may  be  seen  from  the 
figure.  By  this  method  of  plotting  it  is  possible  to  plot  bacterial 
cofunts  ranging  from  low  to  high  numbers,  which  would  otherwise  be 
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impossible  in  a  limited  space.  A  glance  at  the  plot  which  shows  the 
90  per  cent  alcohol  titration  and  the  bacterial  count  of  116  samples 
indicates  clearly  that  there  is  no  definite  relation  between  them.  In 
figure  2  we  have  plotted  in  the  same  way  the  80  per  cent  alcohol 
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Fio.  1.— Relation  o  folcohol  titration  to  the  bacterial  ooont  of  milk.    Titrations  of  116  lainples  of  nm 
and  pasteurized  market  milk  with  90  per  cent  alcohol. 

titration  and  the  bacterial  counts.  It  may  be  seen  that  among  the 
116  samples  plotted  there  is  a  wide  range  in  titration  of  samples 
with  low  and  high  bacterial  counts.  Some  samples  with  a  low  count 
show  a  low  titration  and  others  a  high  titration.  Among  samples 
with  a  high  count  some  show  a  low  and  others  a  high  titration. 
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Fio.  2.-Relatlon  of  alcohol  titration  to  the  bacterial  count  of  milk.    Titrations  of  116  sampUs  of  ra« 
and  pasteurlxed  market  milk  with  80  per  cent  alcohol. 

Our  reeults  indicate  that  there  is  no  definite  relation  botweei 
2  S     qi!— '°?  *^^  *«»dity  unless  the  acidity  is  more  than  aboul 

a^  m  figure  4,  where  the  80  per  cent  titrations  and  acidituk  «^ 
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plotted.  The  plots  show  that  there  is  a  wide  range  in  the  alcohol 
titration  at  all  acidities  until  they  reach  ahout  2.20,  after  which  the 
alcohol  titration  becomes  lower  in  general  as  the  acidities  increase. 
This  fact  holds  trae  for  the  small  number  of  samples  at  these  high 
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Fw.  3.— Rebtioii  of  aloohid  titratkm  to  the  acidity  of  milk.   TitrmUons  of  116  samples  of  raw  and  paa- 
tenriMd  market  milk  with  90  per  cent  alcohol. 

acidities  and  would  probably  have  been  brought  out  more  clearly  if 
we  had  had  a  larger  number  of  samples  with  acidity  above  2.20. 

If  we  were  dealing  with  pure  cultures  of  organisms  which  influence 
the  alcohol  test  the  titration  with  alcohol  might  be  of  value  in  giving 
an  idea  of  the  bacterial  numbers,  as  is  shown  in  Table  24,  from  the 
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*».  4.— Relatfon  of  alcohol  titration  to  acidity  of  mUk.    Titrations  of  116  samples  of  raw  and  pasteur- 
ised market  mflk  with  80  per  cent  alcohol. 

results  of  experiments  in  which  we  used  pure  cultures  of  lactic-acid 
and  rennet-forming  bacteria.  In  milk,  however,  we  have  a  varied 
bacterial  flora  to  contend  with  and  we  can  not  see  from  our  results 
that  the  alcohol  titration  method  is  of  much  greater  value  than  the 
simple  alcohol  test. 
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Tablb  24. — Alcohol  titrations  of  milk  inoculated  wOh  pure  cuUures  of  bacteria. 


Alcohol  titiBp 

tioa. 

Experi- 
ment. 

Culture. 

Aeeof 

mOk 

enltore. 

Acid- 
ity. 

BMSteria 
per  cable 
centimeter. 

90  per 
cent  to 

80  per 
cent  to 

8c.c.or 

2c.o.of 

mUk. 

mOk. 

1 

Lacti(>acld  bac- 

Bonn. 

ce. 

ce. 

teria 

0 

1.06 

04,000 

8.06 

8.88 

2 

L96 

2.86 

9.13 

8 

i.go 

'"*i8£,*666* 

3.14 

9.42 

4 

1.95 

120,000 

2.60 

9.52 

5 

Ld5 

301,000 

8.06 

9.40 

6 

2.06 

736,000 

8.06 

8.85 

6i 

2.07. 

1,660,000 

L86 

7.08 

bacteria 

0 
2 

i.g6 

1.90 

8.12 
8.08 

9.02 
9.62 

i,*666' 

3 

1.06 

70,000 

X60 

9.48 

4 

2.03 

230,000 

X44 

9.88 

5 

roi 

2,860,000 

8.20 

9.90 

6 

2.04 

9,300,000 

X80 

8.12 

<4 

2.07 

11,100,000 

1.87 

6.18 

2 

Lactio^ld  bac- 

teria  

0 
2 

2.00 
2.00 

25,000 
184,000 

8.83 
8.68 

12.66 
13.88 

3 

2.08 

475,000 

8.68 

n.i8 

4 

2.04 

1,710,000 

3.73 

9.86 

5 

&18 

4,900,000 

2.00 

7.82 

6 

2.20 

8,400,000 

XOO 

&.flO 

7 

2.83 

22,500,000 

LOO 

L79 

bacteria t. 

0 

2.00 

6,100 

3.82 

18.96 

2 

XOO 

61,600 

3.40 

13.86 

3 

2.00 

284,000 

3.96 

10.62 

4 

2.00 

1,325,000 

8.57 

9.86 

5 

2.00 

1,300,000 

L66 

8.96 

6 

2.04 

13,000,000 

L26 

X98 

7 

2.20 

21,800,000 

a88 

L2I 

THE  ALIZAROL  TEST. 

When  the  alcohol  has  alizarin  added  to  it  to  act  as  an  indicator 
for  the  acidity  the  alcohol  test  is  known  as  the  alizarol  test.     This 
name  was  given  to  the  test  by  Morres  (21).    The  use  of  alizarin  as 
an  indicator  for  the  acidity  of  milk  has  been  known  for  a  long  time, 
but  Morres  (19)  was  probably  the  first  to  combine  the  alcohol  and 
alizarin  test.    He  pointed  out  that  the  alcohol  test  was  of  more  value 
than  the  litmus  test  and  that  the  combination  with  alizarin  was 
better  than  the  combination  of  litmus  and  alcohol.    Morres  (20) 
used  a  68  per  cent  alcohol  with  1.2  grams  of  fresh  alizarin  paste,  or 
0.4  gram  of  dry  aUzarin  to  1,000  c.  c.  of  alcohol.    Two  cubic  centi- 
meters of  this  aUzarin-alcohol  solutioQ  are  mixed  with  2  c  c.  of  milk, 
the  same  as  in  the  alcohol  test.    This  author  found  that  from  the 
coagulation  by  alcohol  and  the  color  of  the  alizarin  it  was  possible 
to  obtain  a  picture  of  the  condition  of  the  milk.    According    tc 
Morres  (20)  the  alizarol  test  shows  the  following  conditions: 

1.  Lilac-red  color.    (Milk  titrated  7®  acid.) 

(a)  With  no  coagulation.    The  milk  should  keep  sweet  more  than  6  hours. 

(b)  With  fine  flaky  coagulation.    The  beginning  of  rennet  production  ia  aliowi 

here. 

(c)  With  heavy  flocciilent  coagulation.    This  indicates  advanced  reniiet  losing 

tion. 
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2.  Fale-Ted  color.    (Milk  titrated  S""  acid.) 

(a)  With  DO  coagulation  or  only  very  fine  coagulation.    This  ehowi  the  beginning 

of  lactic-acid  feimentation. 
(h)  With  flaky  coagulation.    Acid  and  rennet  fermentation  is  indicated, 
(e)  With  coagulation  with  very  thick  flakes.    A  mixed  fennentation  k  indicated 

with  advanced  rennet  and  the  bfynning  of  add  leimentalk>n. 

3.  BrowBiflh-red  cok>r.    (Milk  titxated  9""  acid.) 

(a)  With  coagulation  with  fine  flakee.    WellradvaBced  pure  acid  fennentatbn  is 

indicated. 
(5)  With  coagulation  with  thick  flakes.    A  mixed  fennentation  with  advanced 

rennet  and  strong  acid  fennentatioci  is  indicated, 
(c)  With  coagulation  with  very  thick  flakes.    A  very  advanced  rennet  productioo 

and  little  lees  important  add  fermentation  is  indicated. 

4.  Reddifih-brown  color.    (Milk  titrates  lO*'  acid.) 

(a)  With  flaky  coagulation.    Advanced  pure  acid  fennentation  is  indicated. 

{b)  With  thick  flaky  coagulation.  Advanced  acid  fermentation  and  the  begin- 
ning of  rennet  production  is  indicated. 

(e)  With  very  thick  flaky  coagulation.  A  proportional  mixed  fermentation 
which  is  well  advanced  is  indicated. 

5.  Brown  color.    (Milk  titrates  ll*'  acid.) 

(a)  With  thick  flaky  coagulation.  Pure  acid  fermentation  is  indicated.  Milk  is 
sour;  to  be  detected  by  smell. 

(5)  With  very  thick  flaky  coagulation.  Some  rennet  production  and  well  ad- 
vanced acid  fermentation  is  indicated. 

6.  Tdkfwiah-brown  color.    (Milk  titiates  12^  add.) 

(a)  With  v^y  thick  flaky  coagulatbn.  Add  fermentation  is  indicated.  Milk 
tastes  acid. 

7.  Brownish-yellow  color.    (Milk  titrates  14^  add.) 

(a)  With  very  thick  flaky  coagulation.    Sour  taste  is  distinctly  noticeable. 
S.  Telkw  color.    (Milk  titrates  20''  add.) 

(a)  With  very  thick  flaky  coagulation.    Pure  add  fermentation  is  indicated. 
Milk  oneUs  and  tastes  strongly  add  and  is  near  the  noimal  coagulation 
point. 
».  ^det  color.    (Milk  titrates  7^  acid.) 

No  fermentation  is  indicated,  but  the  milk  is  abmnmal. 

It  can  not  be  disputed  that  a  simple  test  which  will  picture  con- 
ditions in  milk,  as  claimed  by  Moires,  would  be  of  considerable  value. 
But  win  the  alizarol  test  indicate  all  that  Morres  claims  ?  Devarda 
and  Weich  (6)  in  1913,  after  working  with  this  test,  decided  that  it 
had  no  yalue  over  the  alcohol  test.  In  a  later  paper  Devarda  (7) 
draws  conclusions  as  follows: 

1.  For  market  control  the  alcohol  test  is  satisfactory  for  the  determination  of  the 
quality  of  milk. 

2.  The  assertion  of  Mocres  that  the  alizarol  test  can  show  a  pure  rennet  and  mixed 
fermentation  is  without  scientific  or  practical  significance. 

3.  In  a  pure  lactic  fermentation  the  alizarol  test  stands  close  to  the  acidity  in  its 
color  relation,  but  for  the  determination  of  the  keeping  quality  of  milk  it  is  of  slight 
agnificance. 

4.  The  diagnostic  value  of  the  alizarol  test  is  limited  to  an  empirical  test  for  milk, 
prindpally  as  to  its  suitability  for  cheese  making  which  was  already  employed  by 
Ending  in  1382. 

Thoni  (30),  in  a  study  of  the  milk  supply  of  Berne,  found  that  12 
of  85  samples  examined  were  more  or  less  abnormal,  according  to 
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the  alizarol  test.  Among  the  other  73  samples  of  milk,  which  ac- 
cording to  the  alizarol  test  were  normal,  there  were  samples  which 
had  a  high  bacterial  content  and  which  were  abnormal  according  to 
the  leucocyte  and  other  tests.  From  his  results  Thoni  behaves  that 
the  alizarol  test  is  not  sufficiently  dehcate  for  use  in  market-milk 
investigations.  However,  he  believes  the  test  is  of  value  as  a  quick 
means  for  detecting  udder  infection  in  animals. 

It  is  evident  that  there  is  a  diversity  of  opinion  as  to  the  value  of 
the  alizarol  test,  and  our  experiments  have  not  been  extensive 
enough  for  us  to  form  a  definite  opinion  in  regard  to  it. 

We  have  tried  the  test  on  a  number  of  samples  of  milk  and  have 
not  been  able  to  obtain  all  the  color  changes  which  are  described  by 
Morres.  When  the  acidity  was  slightly  above  normal  we  found  a 
change  from  lilac  red  to  pale  red  and  brownish  red.  In  one  sample 
of  milk  we  increased  the  acidity  by  the  addition  of  lactic  acid  and 
obtained  the  colors  named  below. 


Amoiint  of  N/IO  lactic 
addedtoSOc.  c.  ofmllk. 

Acidity. 

Color  or  alizarol  test. 

"Normftl  mfllc  

L85 
2.10 
2.42 
2.73 
3.00 
5.15 

Lilac  red. 
Pale  red. 
Brownish  red. 

Da 

Do. 

Do. 

2  c.  c 

4  c.  c 

6  c.  c 

8  C.  C 

1.5  c.  c.  normal  acid . . 

From  om*  results  we  believe  that  alizarin  will  show  slight  changes 
in  the  acidity  when  the  acidity  is  low,  but  that  the  indicator  did  not 
seem  to  be  very  sensitive  to  high  acidities  in  milk.  Morres  (22),  in  a 
paper  in  1913,  also  states  that  alizarin  is  of  greatest  value  in  indi- 
cating the  first  changes  in  acidity  and  that  the  color  change  is  so 
gradual  at  acidities  over  16°  that  the  test  is  of  no  particular  value. 

In  regard  to  the  value  of  the  alizarol  test  we  believe  that  wherever 
the  alcohol  test  can  be  considered  of  value,  the  addition  of  an  indi- 
cator, such  as  alizarin,  may  increase  the  value  of  the  alcohol  test  by 
possibly  giving  additional  information  as  to  acidity. 

On  account  of  the  complexity  of  the  bacterial  fermentations  in 
market  milk  we  do  not  believe  that  the  alizarol  test  gives  any  v«ry 
valuable  information  as  to  the  conditions  existing  in  the  milk. 

CONCLUSIONS. 

In  conclusion,  we  wish  to  point  out  again  that  the  alcohol  test 
must  be  considered  from  two  standpoints:  First,  in  its  relation  to 
the  milk  from  a  single  cow  or  small  herd,  and,  second,  in  its  relation 
to  mixed  market  milk. 

As  to  the  relation  of  the  alcohol  test  to  milk  from  a  single  cow,  it 
seems  evident  from  the  work  of  other  investigators,  which  is  con- 
firmed to  some  extent  by  our  results,  that  a  positive  68  per  cent 
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alcohol  test  indicates  some  change  in  the  milk  from  its  normal  con- 
dition. In  onr  opinion  the  value  of  the  alcohol  test  with  milk  from 
a  single  cow  or  small  herd  lies  in  the  fact  that  it  would  show  that  the 
milk  was  abnormal,  and  in  consequ^ice  a  careful  examination  should 
be  made  of  the  herd. 

When  the  relation  of  the  alcohol  test  to  mixed  market  milk  is  dis- 
cissedy  we  must  consider  it  on  an  entirely  different  basis.  In  this 
case  the  test  with  68  per  cent  alcohol  may  be  positive  as  a  result  of 
changes  produced  in  milk  through  bacterial  action.  The  results  of 
our  work  confirm  some  of  the  results  of  other  investigators  and  show 
that  the  alcohol  test  may  be  positive  as  a  result  of  the  growth  in  milk 
of  lactic-acid  and  rennet-forming  bacteria.  When  the  growth  of 
these  bacteria  has  reached  a  point  where  the  acid  or  rennet  is  pro- 
duced in  sufficient  quantities  to  affect  the  casein,  a  coagulation  is 
produced  when  equal  volumes  of  68  per  cent  alcohol  and  milk  are 
mixed.  Our  results,  however,  do  not  show  that  there  is  any  definite 
relation  between  the  alcohol  test  and  the  number  of  bacteria  in  milk. 
During  an  examination  of  177  samples  of^raw  milk  we  found  that  20 
samples  gave  a  positive  test  with  68  per  cent  alcohol.  Of  these  20 
samples  8,  or  42.1  per  cent,  contained  less  than  500,000,  and  11,  or 
57.9  per  cent,  more  than  500,000  bacteria  per  cubic  centimeter.  It 
was  also  found  that  39.4  per  cent  of  142  samples  of  milk  which  gave 
no  positive  alcohol  tests  contained  over  500,000  bacteria  per  cubic 
Cttitimeter.  That  there  is  no  definite  relation  is  probably  explained 
by  the  fact  that  bacteria  may  increase  in  large  numbers  before  there 
is  much  acid  or  rennet  produced.  Consequently,  if  an  alcohol  test 
were  made  during  that  period  there  would  be  a  high  bacterial  content 
and  yet  not  enough  change  produced  in  the  milk  by  acid  or  rennet 
to  cause  a  positive  test.  Besides  this  point  it  must  be  remembered 
that  in  market  milk  there  is  a  bacterial  flora  representing  many  dif- 
ferent species,  many  of  which  may  increase  without  influencing  the 
alcohol  test. 

As  stated  before,  generally  speaking,  when  the  bacterial  fermenta- 
tioi^  have  advanced  to  a  point  where  chemical  changes  are  produced, 
the  alcohol  test  will  be  positive  as  a  result  of  lactic  or  rennet  fermen- 
tations, or  a  mixttire  of  both.  In  such  cases  the  alizarol  test  may 
be  of  more  value  than  the  plain  alcohol  test,  so  far  as  it  may  give 
additional  information  as  to  the  kind  of  fermentation.  From  our 
results  it  seems  evident  that  the  acid-and-rennet  fermentations  may 
be  differentiated  by  means  of  neutralization  of  the  acidity  by  sodium 
hydrate. 

The  alcohol  titration  method  according  to  otir  tests  seems  to  offer 
no  particular  advantages  over  the  alcohol  test.  In  a  study  of  116 
samples  we  were  not  able  to  find  any  definite  relation  between  the 
alcohol  titration  and  the  bacterial  count. 
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FIELD  STUDIES  OF  THE  CROWN-GALL  OF 
SUGAR  BEETS. 

By  C.  O.  TowNSEND, 
PcUhologist  in  Charge  of  Sugar-Beet  Inve$Hgation$. 

KINDS  OF  BEET  GALLS. 

There  are  at  least  two  distinct  but  clearly  related  kinds  of  growths 
occurring  upon  sugar  beets  which  may  be  considered  under  the  name 
of  galls.  These  have  been  designated  as  'Humors''  and  '* tubercu- 
losis" in  Bulletin  No.  213  of  the  Bureau  of  Plant  Industry.^  While 
these  two  kinds  of  outgrowths  are  similar  in  external  appearance, 
especially  in  their  early  stages  of  development,  their  internal  ap- 
pearance and  their  subsequent  behavior  serve  to  distinguish  the 
tumor  from  tuberculosis.  Internally,  the  outgrowths  known  as 
tuberculosis  of  the  beet  show  small,  brownish,  water-soaked  areas, 
as  mentioned  on  page  194  of  the  bulletin  cited,  while  the  tumor  is 
free  from  these  discolored  areas.  Externally,  both  kinds  of  galls 
are  usually  smooth  at  first,  but  the  tuberculosis  galls  eventually 
become  decidedly  rough,  cracked,  and  very  dark,  and  finally  decay. 
This  decay  of  the  galls  often  causes  the  beet  itself  to  rot,  thereby 
entailing  more  or  less  loss  on  the  grower,  according  to  the  prevalence 
of  tlje  disease.  On  the  other  hand,  the  tumor  remains  comparatively 
smooth,  seldom  cracks,  does  not  usually  decay,  and  frequently 
retains  its  firmness  imtil  the  beets  are  harvested.  The  quality  of  the 
galls  and  their  eflfect  upon  the  beets  from  which  they  arise,  as  given 
m  this  paper,  relate  for  the  most  part  to  the  timior  variety. 

DISTRIBUTION  OF  BEET  GALLS. 

The  abnormal  outgrowths  known  in' this  country  as  crown  galls 
have  been  observed  upon  beet  plants  from  time  to  time  for  more  than 
50  years.     Indeed,  as  early  as  1839  attention  was  called  to  these 

1  Smith,  Erwin  F. ,  Brown,  Nellie  A . ,  and  Townaend ,  C.  O .    Crown-gall  of  plants:  Its  cause  and  remed  y . 
V.  B.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  213,  p.  105, 194.    1911. 
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peculiar  orrowths  upon  beet  roots,  which  were  spoken  of  at  that 
time  as  warts.  In  1850  some  of  these  gaUs  were  described  as  larger 
than  the  beet  roots  themselves  and  were  looked  upon  as  curiosities 
and  monstrosities.  It  appears  from  a  study  of  the  literature  upon 
the  su])ject  and  from  observations  in  the  field  from  year  to  year 
that  this  disease  of  tlie  sugar  beet  has  increased  rapidly  in  recent 
years  and  that  it  is  stiU  on  the  increase.  Its  presence  has  been  re- 
corded in  many  of  the  beet -growing  countries  of  Europe,  and  in  our 
own  country  it  has  been  found  on  the  sugar  beet  from  Virginia  to 
California.     (Fig.  1.)     In  many  localities  where  only  a  smaU  number 

of  cases  were  observed  a  few  years 
ago,  there  are  now  hundreds  and 
sometimes  thousands  of  gtilled  beets 
each  year,  especially  if  beets  have 
been  followed  by  beets  for  several 
years  in  the  same  field.  On  the 
beet  itself  the  gaUs  may  appear  at 
any  point  from  the  top  of  the  crown 
^     ,    ,,      rn    T    .  , K    »   ,  ,    to  the  extreme  tip  of  the  root.     How- 

FiQ.  1.— Map  of  the  I  nited  Ma(ps,  the  shaded  i        ^  r       i  # 

portions  showing  the  areas  whore  sugar-beet     CVCr,    by   far    the   largest   UUmber   OI 
galls  have  been  observed.  ^^^^    ^^^    ^^    ^^    f^^^j    ^^    ^^    ^^^^ 

the  surface  of  the  ground,  and  for  this  reason  these  growths  have  been 
termed  crown  giills. 

APPEARANCE  OF  BEET  GALLS. 

The  outgrowths,  or  galls,  on  the  beet  do  not  usually  appear  until 
the  beets  arc  from  one-fourth  to  one-half  grown;  that  is,  imtil  mid- 
summer. From  that  time  on,  they  may  appear  at  any  time  until  the 
bec^ts  are  harvested.  (Y)nsc([uently,  we  may  find  at  harvest  time 
galls  in  aU  stages  of  development,  from  tiny  protuberances  that  have 
just  begun  to  grow  to  what  might  be  called  the  full-grown  gall, 
several  inches  in  diameter,  as  shown  in  Plate  I,  ^  to  K.  Frequently, 
these  galls  push  out  from  the  surface  of  the  beet  without  any  distinct 
line  of  demarcation  between  the  gaU  and  the  beet  proper,  as  seen  in 
Plate  II,  B,  In  other  cases  the  outgrowths  are  attached  to  the  beet 
by  very  slender  necks  or  threads,  and  between  these  extremes  maybe 
seen  the  fuU  range  of  variation  in  relative  size  of  the  connecting 
tissue.  Wliether  large  or  small,  the  connections  are  short,  so  that 
the  gall  almost  invariably  lies  close  to  the  beet  from  which  it  springs. 
Sometimes  but  a  single  gaU  is  produced  on  one  beet,  as  shown  in 
Plate  I,  F  to  K,  while  in  other  instances  several  or  many  gaUs  may 
develop  on  the  same  beet,  as  illustrated  in  Plate  II,  A,  B,  (7,  and  F, 
In  the  latter  case  the  gaUs  may  be  distinct  and  separate  (PI.  II,  A)  or 
they  may  occur  in  groups  (PI.  II,  JS).  It  is  not  unconmion  for  the 
entire  crown  of  the  beet  to  be  covered  with  a  mass  of  galls  (PI.  I,  E). 
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Usually  the  gaUs  with  slender  attachments  occur  smgly ,  although  there 
may  be  several  on  the  same  beet,  while  the  galk  occurring  in  groups 
usually  have  broad  bases  without  any  distinct  line  between  the  gall 
and  the  beet.  In  the  early  stages  of  development — that  is,  when  the 
galls  are  young — their  surfaces  are  bright,  resembling  the  surface  of 
the  beet  proper  and  indicating  active  growth;  but  as  the  galls  grow 
older  they  become  darker,  especiaUy  if  they  are  above  the  surface  of 
the  ground.  In  this  way  their  relative  ages  may  be  easily  determined. 
When  galls  have  begun  to  form  they  usuaUy  increase  in  size  most 
rapidly  on  those  beets  that  are  making  the  most  rapid  growth. 

CAUSE  OF  BEET  GALLS. 

The  primary  cause  of  the  formation  of  crown  galk  on  the  sugar 
beet  and  many  other  plants  was  for  a  long  time  in  doubt.  Few  plant 
diseases  have  given  rise  to  more  extended  investigations  than  has 
the  so-called  crown-gaU.  Different  investigators  have  assigned  the 
origin  of  these  abnormal  growths  to  a  great  variety  of  causes,  ranging 
from  sUme  molds  to  mechanical  injuries.  However,  the  investiga- 
tions set  forth  in  Bulletins  Nos.  213  and  255  of  the  Bureau  of  Plant 
Industry^  prove  conclusively  that  a  bacterium  or  several  closely 
related  bacteria  are  responsible  for  the  origin  and  development  of 
these  outgrowths  belonging  to  the  class  of  so-caDed  crown  galls. 
The  organism  producing  "tumors''  is  known  as  Bacterium  tume- 
faciens  (Smith  and  Townsend)  and  the  one  producing  '*  tuberculosis'' 
is  designated  as  B,  ieticolum  (Smith).' 

The  most  extensive  work  on  mechanical  injuries  as  the  cause  of 
gall  formations  on  sugar  beets  has  been  carried  on  by  Spisar.'  There 
seems  to  be  no  proof,  however,  that  the  organism  which  is  capable 
of  producing  gaUs  on  sugar  beets  was  not  present  in  the  fields  in  which 
Spisar  carried  on  his  experiments.  It  is  apparent  that  a  mechanical 
injury  offers  a  favorable  place  for  the  organism  to  enter  the  plant, 
yet  the  indications  are  that  gall  formations  will  not  result  from 
mechanical  injuries  unless  the  gall-producing  organism  is  present. 
In  the  field  studies  on  the  crown-gall  of  beets  carried  on  by  the  writer 
for  several  years,  it  has  been  frequently  noted  that  when  gaUs  begin 
to  appear  on  the  beets  in  a  given  field  they  are  at  first  few  in  number, 
increasing  from  year  to  year  if  beets  continue  to  be  grown  in  that 
field.  It  has  also  been  noticed  that  if  badly  infested  fields  are 
followed  one  or  two  years  with  a  grain  crop  and  then  returned  to 

» Smith,  Erwin  F.,  Brown,  Nellie  A.,  and  Townsend,  C.  O.,  op.  cit. 

Smith,  Erwin  F.,  Brown,  Nellie  A.,  and  McCuUoch,  Lucia.  The  structure  and  development  of  crown- 
gaU:  A  plant  cancer.    U.  S.  Dept.  Agr.,  Bur.  riant  Indus.  Bui.  255,  60  p.,  2  fig.,  109  pi.    1912. 

'  Tbtee  wganisnu  are  described  in  Bureau  of  Plant  Industry  Bulletin  213,  which  may  be  obtained  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  for  40  cents,  10  cents  additional  being 
reqnired  for  postage  to  foreign  countries. 

*  Sp^ar,  Karl.  "Qber  die  BUdung  des  Zuckerriiben-Kropfes.  In  Ztschr.  Zuckerindus.  Bohmen,  Jahrg. 
38,  Heft  1,  p.  1-17,  flg.  1-6;  Heft  2,  p.  67-72,  fig.  7-11.    1911. 
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beets,  the  galk  are  greatly  reduced  in  number  after  one  year  in  grain 
and  practically  eliminated  after  two  years.  It  is  true  that  when  gaDs 
af e  present  in  a  field  of  beets  they  .are  frequently  more  numerous 
near  the  ends  of  the  rows,  where  the  greatest  amount  of  mechanical 
injury  is  produced  by  the  horses  and  cultivator  in  turning.  (See 
PI.  II,  E  and  F.)  However,  adjacent  fields  and  even  parts  of  the 
same  field  not  previously  in  beets,  but  in  which  the  beets  at  the  time 
of  the  observation  were  subjected  to  the  same  mechanical  injuries, 
were  free  from  galls  (PI.  II,  Z>),  regardless  of  the  fact  that  the  soil, 
chmatic  conditions,  and  cultural  methods  were  the  same.  While 
certain  plant  galls  and  callus  formations  may  be  produced  by  other 
agencies,  all  extensive  laboratory,  greenhouse,  and  field  studies  on  the 
crown-gall  of  sugar  beets  lead  to  the  conclusion  that  in  this  country 
the  true  crown-gall  formations  of  this  class  are  produced  by  bacteria. 

QUALITY  OF  BEET  GALLS. 

In  topping  beets  from  which  sugar  is  to  be  obtained,  it  is  customary 
-  to  cut  oflf  the  crowns  at  the  line  of  the  lowest  leaf  scar.     The  reason 
for  rejecting  the  crowns,  as  generally  known,  depends  on  the  fact 
that  as  a  rule  they  contain  a  high  percentage  of  salts,  which  tend  to 
prevent  the  sugar  from  crystaUizing  in  the  mUl.     In  the  process  of 
topping  the  beets  it  frequently  happens  that  a  part  or  all  of  the  galls 
that  occur  on  the  beets  are  so  located  that  they  are  left  on  the  root 
(PI.  I,  F  to  10  and  are,  therefore,  put  through  the  mill.     In  order  to 
find  out  whether  or  not  the  galls  might  affect  injuriously  the  juices 
in  the  mill,  a  series  of  tests  was  made  to  determine  the  quahty  of  the 
galls  as  compared  with  the  beet  crowns  and  roots.     The  results  of 
these  tests  are  given  in  Table  I,  the  analytical  work  for  this  and  the 
succeeding  table  having  been  performed  at  the  Garden  City,  Kans., 
laboratory  by  Mr.  C.  A.  Hauser. 

Table  I. — Stigar  tests  of  beets  affected  with  crown-gaU. 


Part  of  beet  tested. 

Average 
weight  of 
part  tested. 

Solids  in 
juice. 

Sagarin 
Juice. 

Coefficient 
of  purity. 

Sagarin 
part  tested 

Experiment  1: 

GaUs 

Ounces. 
3.2 
13.6 
24.0 

4.0 
11.2 
25.6 

3.2 
13.6 
29.8 

5.6 
18.4 
32.8 

8.0 
18.4 
44.8 

Percent. 
15.32 
14.10 
14.30 

15.60 
12.70 
14.10 

16.00 
15.40 
15.00 

15.30 
13.10 
13.10 

16.60 
14.60 
14.10 

Percent. 
9.00 
10.10 
11.00 

8.10 
a20 
11.00 

9.20 
10.80 
11.40 

7.80 
9.00 
10.10 

9.10 
9.90 
10.50 

Percent. 
68.74 
71.63 
76.92 

51.92 
64.56 
78.01 

57.50 
70.20 
76.00 

50.98 
68.70 
77.09 

64.81 
67.80 
74.46 

PercemL 

5.01 

S.9ii 

Roots 

10.  Oi 

Experiment  2: 

Galls 

4.0 

Crowns 

7  9 

Roots 

ia> 

7  1 

Experiment  3: 

Galls 

Crowns 

laJ 

Roots 

7.1 

5.1 

S.I 
9.1 

Experiment  4: 

Galls 

Roots 

Experiments: 
GftU« 

Crowns 

Roots 
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Sugar  Beets,  Showing  Galls  Appearing  Singly  and  in  Groups  (A,  B  and  C)  am^ 
THE  Relation  of  Injury  to  Gall  Formation  (D,  E,  and  F). 
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FIELD  STUDIES  OF  THE  CBOWN-GALL  OF  8UGAB  BEETS. 
Table  I. — Sugar  tests  of  beets  affected  with  erovon'^aU — Contmued. 


Part  of  beet  tested. 

Average 
weight  of 
part  tested. 

SoUdsln 
Juice. 

Sugar  in 

juice. 

Coefficient 
of  purity. 

Sugar  In 
part  tested. 

Experiment  6: 

rmk                               

Ouneet, 

3.3 

8.0 

30.4 

%A 
7.2 
22.4 

Percent. 
17.46 
18.40 
19.66 

17.20 
18.76 
17.76 

Percent. 
11.10 
14.40 
16.80 

9.10 
16.40 
14.80 

Percent. 
63.57 

78.26 
86.88 

62.90 

82.08 
83.33 

Per  cent. 
10.40 

Crowns 

12.50 

Roots. 

14.00 

Kxiwrlment  7: 

GaUs 

8.30 

Crowns 

13.10 

Roots, 

13.60 

*'^: 

4.23 
12.91 
29.97 

16.21 
16.20 
15.41 

9.06 
11.11 
12.23 

65.60 
72.03 

78.81 

6.90 

9.87 

Roots, 

11.06 

In  preparing  the  material  for  the  analyses  which  form  the  basis  of 
this  table  badly  galled  beets  were  taken  in  groups  of  five  in  order  to 
get  a  sufficient  quantity  of  juice  from  the  galls  to  make  purity  as 
well  as  sugar  determinations  of  the  galls  themselves.  After  removing 
the  leaves  only,  the  beets  were  thoroughly  washed  and  weighed.  The 
galls  were  then  carefully  removed  and  the  beets  again  weighed.  The 
crowns  were  then  removed  and  the  roots  weighed.  The  three  lots  of 
material  from  each  group  of  five  beets  were  prepared  and  put  through 
the  test  for  sugar  and  purity  as  quickly  as  possible  after  the  beets 
were  taken  from  the  groxmd.  A  study  of  Table  I  shows  that  the 
gaDs  are  decidedly  lower  in  both  sugar  and  purity  than  even  the 
crowns.  It  is  evident,  therefore,  that  any  considerable  number  of 
galls  on  the  beet  roots  would  be  decidedly  injurious  to  the  sugar 
recovery  in  the  mill,  since  the  large  amount  of  salts  in  the  gaUs,  as 
indicated  by  the  low  purity  coefficient,  would  Kfeep  approximately 
one  and  a  half  times  as  much  sugar  from  crystaUizLug.  Hence,  it 
would  be  advisable  to  remove  any  galls  that  are  attached  to  the 
beets  below  the  crowns  at  the  time  of  topping  the  beets. 

It  might  not  be  out  of  place  in  this  connection  to  call  attention  to 
the  high  quality  of  the  crowns  in  some  cases,  as  shown  especially  in 
experiment  7.  It  is  possible  that  the  salts  were  taken  up  by  the 
galls  to  the  improvement  of  the  crowns  to  some  extent.  On  the 
other  hand,  it  is  possible  that  the  quaUty  of  the  crowns  might  be 
greatly  improved  by  proper  selection,  so  that  the  matter  of  crown 
tare  would  not  be  such  an  important  factor  in  handling  factory  beets 
as  it  is  at  present. 

EFFECTS  OF  GALLS  UPON  QUALITY  AND  SIZE  OF  BOOTS. 

In  an  effort  to  get  some  definite  information  regarding  the  effect  of 
the  galls  upon  the  quality  of  the  roots  to  which  they  are  attached,  a 
series  of  comparative  tests  was  made  between  galled  beets  and  beets 
free  from  galls.     In  selecting  the  beets  for  these  tests  a  badly  galled 
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beet  was  taken  as  soon  as  it  was  loosened  by  means  of  the  plow  at 
harvest  time,  and  for  comparison  another  beet  was  chosen,  free  from 
galls,  but  as  nearly  the  same  size  and  shape  as  could  be  found  growing 
in  the  same  row,  close  to  the  galled  beet.  After  selecting  in  the 
manner  described  the  26  pairs  of  beets  which  form  the  basis  of 
Table  II,  each  beet  was  topped,  washed,  and  the  galls  carefully 
removed  from  the  galled  beet  of  each  pair.  The  individual  roots 
were  then  tested  for  sugar  and  purity,  with  the  results  shown  in 
Table  II. 

Table  II. — Comparison  in  sugar  content  and  purity  of  galled  beets  with  beets  not  sa 

affected. 


Condition  of  beets. 


Solids  in 
juice. 


Sugar  in 
Jutce. 


Coefficient 
of  purity. 


Sugar  in 
the  beet. 


Test  No.  1: 

GaUed.. 

No  galls, 
Test  No.  2: 

QaUed.. 

No  galls. 
Test  No.  3: 

Galled.. 

No  galls, 
Test  No.  4: 

GaUed.. 

No  galls, 
Test  No.  5: 

GaUed.. 

No  galls, 
Test  No.  6: 

Galled.. 

No  galls. 
Test  No.  7: 

Galled.. 

No  galls. 
Test  No.  8: 

Galled.. 

No  galls. 
Test  No.  9: 

Galled.. 

No  galls. 
Test  No.  10: 

Galled.. 

No  galls. 
Test  No.  11: 

Galled.. 

No  galls. 
Test  No.  12: 

GaUed.. 

No  galls. 
Test  No.  13: 

Galled.. 

No  galls. 
Test  No.  14: 

GaUed.. 

No  galls. 
Test  No.  15: 

Galled.. 

No  galls. 
Test  No.  16: 

Galled.. 

No  palls. 
Test  No.  17: 

GaUed . . 

No  gaUs. 
Tost  No.  IS: 

Galled.. 

NogaU^. 
Test  No.  19: 

GaUed.. 

No  galls. 
Test  No.  20: 

GaUed.. 

No  galls. 


Percent. 
13.70 
18.10 

13.90 
18.00 

17.60 
21.92 

15.77 
21.50 

15.70 
20.20 

16.30 
20.20 

16.47 
20.17 

10.85 
18.90 

15.27 
16.77 

16.40 
15.77 

16.23 
22.56 

18.77 
22.99 

18.20 
18.77 

17.60 
19.40 

18.07 
19.50 

18.27 
20.50 

18.60 
22.43 

21.00 
21.30 

22.40 
23.00 

16.92 
14.40 


Percent. 
10.00 
13.80 

10.50 
13.80 

14.60 
18.60 

13.20 
18.70 

12.80 
17.10 

13.10 
17.10 

13.20 
16.40 

9.30 
15.60 

12.40 
13.90 

13.80 
12.80 

12.10 
19.10 

14.00 
18.20 

14.80 
15.00 

15.40 
16.40 

14.50 
16.10 

15.10 
16.00 

14.80 
19.00 

17.00 
17.90 

18.90 
19.20 

14.00 
12.10 


Percent. 
72.99 
76.24 

75.35 
76.66 

82.38 
84.85 

83.70 
86.97 

81.52 
84.65 

80.36 
84.65 

80.14 
81.30 

85.71 
82.58 

81.20 
82.83 

84.14 
81.16 

74.65 
84.66 

74.58 
79.13 

81.31 
79.91 

87.50 
84.53 

80.24 
82.56 

82.  M 
78.04 

79.56 
84.70 

81.42 
84.08 

84.87 
83.47 

82.74 
84.02 


Percent. 

8.3C 
12. 2Q 

9.2( 
12.9 

ILTl 
16.9 

11.21 

i&a 


10.0 
16.8 


U.4 
16.8 


11.2 
15.1 


8.5 
14.C 


11.1 
13.^ 


13.] 
\2.< 


11. 1 
18.1 


IL 
17. 


14. 
13. 


14. 
16. 


13. 
16. 


14, 

15, 


13, 

1& 


15 
16 


17 
17 


14 
1] 
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Table  II. — Comparison  in  sugar  content  and  purity  of  galled  beets  with  beets  not  so 

affected — Continued. 


Condition  of  beets. 


Solids  in 
Juice. 


Sagarin 
juice. 


Test  No.  21: 

GftUed.. 

No  galls. 
Tfst  No.  22: 

Galkd.. 

NogaQs. 
Test  No.  25: 

Galled... 

No  galls. 
T«ftNo.24: 

Galled... 

No^Us. 
T«t  No.  25: 

Galled... 

No  galls. 
Test  No.  26: 

GaUed.. 

No  galls. 
Average: 

G^M.. 

No  galls. 


Percent. 
18.80 
ia.32 

1ft.  42 
16wft2 

10.60 
17.72 

18.70 
22.12 

14.87 
22.97 

19.07 
1ft.  07 

17.01 
19.66 


Percent, 
16.60 
15.90 

13.30 
13.90 

13.40 
14.60 

15.30 
18.00 

13.00 
19.30 

15.20 
13.60 

13.85 
16.21 


Coefficient 
of  purity. 


Percent. 
87.76 
86.79 

80.99 
82.39 

81.21 
82.39 

81.81 
81.37 

S7.42 
84.02 

79.70 
84.62 

81.35 
82.15 


Sugar  in 
the  beet. 


Percent. 
16.30 
15.20 

12.60 
12.40 

11.70 
13.90 

14.20 
16.70 

12.20 
17.60 

13.90 
12.60 

12.54 
15.18 


A  study  of  Table  11  indicates  that  gall  formations  on  sugar  beets 
have  a  tendency  to  reduce  both  the  sugar  content  and  the  purity 
of  the  roots.  The  effect  upon  the  sugar  content  seems  to  be  more 
marked  than  upon  the  purity.  Everyone  who  has  studied  the  indi- 
viduality of  the  sugar  beet  knows  that  there  is  a  difference  in  the 
sugar  content  and  purity  of  healthy  beets  growing  side  by  side  in 
the  same  row.  It  is  not  surprising,  therefore,  that  an  occasional 
pair  shows  qualities  favorable  to  the  galled  beets,  as  in  tests  Nos. 
10  and  21  of  Table  II.  It  is  safe  to  say,  however,  that  in  the  great 
majority  of  cases  the  formation  of  galls  upon  the  roots  of  sugar  beets 
has  a  decidedly  injurious  effect  upon  either  the  purity  or  the  sugar 
content  or  upon  both  these  factors  of  quahty  in  the  beet  root. 

It  seems  to  be  practically  impossible  to  obtain  any  accurate  data 
regarding  the  effect  of  galls  upon  the  size  of  the  roots  affected.  Wo 
find  the  largest  as  well  as  the  smallest  beets  more  or  less  seriously 
infested  with  galls,  as  shown  in  Plate  I,  A  to  E,  and  it  is  impossible 
to  know  whether  the  galled  beets  would  have  been  larger  or  smaller 
if  they  had  been  free  from  galls.  In  some  infested  areas  the  larger 
beets  are  more  generally  galled,  while  in  other  infested  areas  the 
smaller  beets  are  the  ones  most  generally  affected;  and  since  the 
individuaUty  of  the  beet  embraces  the  size  and  shape,  as  well  as  the 
quaUty  of  the  roots,  a  satisfactory  comparison  of  the  weights  of  the 
galled  and  not  galled  beets  has  not  been  practicable  in  any  of  the 
areas  that  have  come  under  the  observation  of  the  writer.  So  far 
as  one  can  judge  from  general  field  observations,  however,  the  galls 
do  not  seem  to  have  any  marked  effect  upon  the  size  of  the  beets. 
Consequently  the  tonnage  or  yield  of  beets  per  acre  does  not  seem 
to  be  appreciably  affected  by  the  disease  except  in  those  cases  in  which 
the  galls  cause  the  beet  roots  to  decay. 
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CONTROL  OF  BEET  GALLS. 

From  our  present  knowledge  of  the  cause  of  the  crown-gall  of 
beets,  combined  with  the  field  observations  akeady  made  upon  this 
disease,  its  ehmination  or  control  becomes  comparatively  simple. 
^Vs  already  suggested,  a  beet  field  badly  infested  with  the  crown-gall 
organism  may  bo  freed  from  the  pest  by  growing  some  other  crop 
in  that  field  for  two  or  more  years  before  returning  to  sugar  boets. 
It  is  necessary  only  that  the  rotation  crops  other  than  beets  shall 
be  such  as  are  not  readily  attacked  by  the  crown-gall  organism. 
In  Bulletin  No.  213  of  the  Bureau  of  Plant  Industry,  already  men- 
tioned, it  is  pointed  out  that  the  crown-gall  organism  will  attack 
a  large  number  of  plants  in  a  great  variety  of  famihes,  but  there  are 
plants  which  are  attacked  with  difficulty,  if  at  all,  by  this  organism. 
In  the  test  mentioned  in  this  bulletin  the  crop  grown  was  oats,  but 
it  is  safe  to  say  that  any  of  the  small  grains,  corn,  kafir,  milo,  or 
sorghum  would  do  well.  If  only  those  crops  are  grown  upon  which 
the  organism  can  not  feed  and  tlirive,  it  must  eventually  die  out 
and  tlie  field  be  left  free  from  the  pest.  The  elimination  of  crown- 
gall  is,  therefore,  a  simple  matter  of  wise  crop  rotation,  which  as  a 
matter  of  good  farming  should  be  practiced  by  every  farmer  regard- 
less of  the  presence  of  crown-gall. 

SUMMARY. 

(1)  There  are  at  least  two  distinct  types  of  sugar-beet  galls. 

(2)  The  crowii-gall  of  sugar  beets  is  caused  by  a  bacterium  or  a 
number  of  closely  related  bacteria. 

(8)  Sugar-beet  gaUs  appear  to  have  an  injurious  eflfect  upon  the 
quahty  of  the  roots. 

(4)  The  galls  .themselves  are  low  in  purity  and  therefore  detri- 
mental in  the  milling  processes. 

(5)  Sugar-beet  galls  sometimes  cause  the  beet  roots  to  decay, 
but,  so  far  as  general  field  observations  can  determine,  they  do  ciot 
appear  otherwise  to  affect  the  tonnage. 

(6)  This  disease  may  be  held  in  check  by  a  proper  system  of  crop 
rotation  wdth  grain-producing  plants. 
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REPORT  ON  THE  GIPSY  MOTH  WORK  IN  NEW 

ENGLAND.' 

By  A.  F.  BuRQEss, 
In  Charge  of  Gipsy  Moth  and  Brown-Tail  Moth  Worh. 

INTRODUCTION. 

On  March  1,  1913,  the  gipsy-moth  work  conducted  by  the  Bureau 
of  Entomology,  U.  S.  Department  of  Agricidture,  was  reorgan- 
ized, and  the  writer  was  placed  in  charge  under  the  direction  of  the 
chief  of  the  bureau. 

The  object  of  this  Federal  work  is  to  use  every  measure  possible 
to  prevent  the  spread  of  the  gipsy  moth  and  the  brown-tail  moth  * 
to  uninfested  parts  of  the  United  States. 

The  main  office,  which  is  maintained  at  43  Tremont  Street,  Bos- 
ton, Mass.,  furnishes  quarters  for  the  men  in  charge  of  the  main 
projects  and  the  necessary  clerical  force.  The  Gipsy  Moth  Labora- 
tory, which  serves  as  headquarters  for  the  experimental  work,  is 
located  at  Mekose  Highlands,  Mass.,  although  one  branch  of  this 
work  is  conducted  at  the  Bussey  Institution  at  Forest  Hills,  Mass. 
During  the  past  two  years  a  summer  laboratory  has  been  main- 
tained for  special  experiments  at  Worcester,  Mass.  A  storehouse  is 
located  at  Melrose  Highlands,  Mass.,  where  the  necessary  tools  and 
equipment  are  stored  and  repaired. 

The  work  is  divided  into  two  distinct  lines:  (1)  Field  work,  con- 
sisting of  scouting,  and  applying  hand  methods  for  controlling  these 
insects,  as  well  as  a  thorough  inspection  of  the  plant  products  shipped 
from  the  infested  area,  and  (2)  experimental  work,  which  includes 
the  introduction  of  parasites  and  natural  enemies,  together  with  care- 
ful studies  of  the  food  plants  and  other  factors,  in  order  to  devise 
more  efficient  and  effective  methods  of  control,  as  wel 
gation  of  the  relation  of  silvicidtm'e  to  the  gipsy-motl 

1  This  pablication  is  prepared  to  show  the  dUIerent  lines  of  work  which  are  ^ 
*€3Q}ts  that  have  been  secured. 

*  The  life  history,  habits,  and  methods  for  controlling  theee  insects  bay«  been  ] 
BoQcttn  5«4,  U.  8.  Department  of  Agriculture. 
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general  outline  of  the  problems  and  investigations  and  the  differ- 
ent activities  of  the  work  has  already  been  published*  in  the  Journal 
of  Economic  Entomology. 

During  the  fiscal  year  which  ended  June  30,  1914,  an  average  of 
275  men  was  employed.  The  greater  number  were  engaged  in 
field  operations,  but  a  force  of  approximately  40  men  were  employed 
on  different  pliases  of  experimental  projects. 

EXPERIMENTAL   WORK. 

In  carrying  on  measures  for  the  control  of  any  insect  pest  it  is 
necessary  to  conduct  many  experiments  in  order  to  determine  the 
means  which  are  most  feasible  for  reducing  the  damage.  For  more 
than  20  years  experiments  have  been  carried  on  more  or  less  con- 
tinuously by  the  State  of  Massachusetts  and  other  States  to  which 
the  gipsy  moth  has  spread,  as  well  as  by  the  Bureau  of  Entomology, 
for  the  purpose  of  perfecting  field  measures  for  holding  the  insect  in 
check,  and  from  time  to  time  improvements  have  been  made  which 
have  reduced  the  cost  of  handling  infested  areas.  Spraying  ma- 
chinery has  been  developed  so  that  at  the  present  time  it  is  entirely 
practical  to  treat  large  areas  at  a  moderate  cost.  The  banding  of 
trees  with  tanglefoot  has  largely  replaced  the  use  of  burlap  bands 
and  reduced  the  cost  of  this  method  of  treatment.  In  fact,  so  much 
work  has  been  done  along  these  Unes  that  the  best  methods  of  treat- 
ment are  well  understood  and  practiced  in  the  areas  where  the  gipsy 
moth  is  prevalent.  Minor  improvements  are  being  made  from  time 
to  time  but  in  general  satisfactory  methods  of  hand  suppression 
have  been  adopted. 

In  1905,  when  the  Federal  gipsy-moth  work  was  being  organized,  it 
was  considered  very  necessary  and  desirable  to  introduce  the  parasites 
and  natural  enemies  which  occur  in  foreign  countries  of  both  the 
gipsy  moth  (Porihetria  dispar  L.)  (PI.  I)  and  the  brown-tail  moth 
(Euproctis  chrijsorrhoea  L.)  (PI.  II).  The  idea  was  prevalent  that 
by  securing  and  liberating  these  natural  checks  on  the  increase  of 
these  species,  it  w^ould  be  possible  greatly  to  reduce  the  damage,  and 
it  was  hoped  that  the  parasites  would  bring  the  pests  as  well  under 
control  as  is  the  case  in  Europe.  Accordingly  arrangements  were 
made  by  Dr.  L.  O.  Howard,  Chief  of  the  Bureau  of  Entomology,  for 
the  collection  of  a  large  amount  of  parasitic  material  in  various 
European  countries,  and  later  similar  arrangements  were  made  with 
entomologists  in  Japan.  This  work  was  carried  on  for  the  first  five 
years  in  cooperation  with  the  State  of  Massachusetts.  Several  agents 
of  the  Bureau  of  Entomology  have  been  sent  to  Europe  on  different 
occasions  to  investigate  conditions  and  forward  to  this  country  as 
large  an  amount  of  parasitized  material  as  could  be  collected.  For 
two  seasons  this  work  was  conducted  by  Mr.  W.  F.  Fiske,  who  was 
assisted  in  the  summer  of  1912  by  Mr.  L.  H.  Worthley.     Various 
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assistants  and  collectors  were  engaged  to  obtain  parasitized  material 
which  was  forwarded  to  the  Gipsy  Moth  Laboratory  at  Melrose 
Highlands,  Mass.  After  the  completion  of  the  foreign  work  in  1912, 
it  appeared  tliat  not  only  were  tiie  parasites,  and  a  contagious  dis- 
ease known  as  the  '*wilt/'  prime  factors  in  controlling  the  gipsy 
moth  in  Europe,  but  in  addition  to  these  a  pronounced  obstacle  to 
the  increase  of  the  pest  arose  from  the  fact  that  forest  conditions, 
particularly  in  Germany,  furnished  in  the  main  unfavorable  food  for 
the  caterpillars.  The  observations  indicated  that  this  factor,  in 
addition  to  the  natural  enemies  already  mentioned,  was  responsible 
for  rendering  the  gipsy  moth  of  slight  importance  to  forest  growth 
except  at  periodic  intervals. 

In  1912  a  number  of  areas  were  xmder  observation  by  Mr.  Worthley 
in  the  forests  of  Germany,  and  at  that  time  the  infestation  was  severe. 
Deciduous  trees  in  these  areas  were  defoliated  and  in  some  cases 
many  trees  completely  denuded  of  foliage.  Similar  studies  were 
made  by  Mr.  Fiske  in  Italy,  where  a  few  infestations  were  found 
which  were  more  serious,  if  possible,  than  those  observed  in  the  Ger- 
man forests.  During  the  summer  of  1913  no  agent  of  the  bureau 
was  engaged  in  making  foreign  observations  on  the  gipsy  moth.  It 
seemed  best  in  the  spring  of  1914  to  have  the  areas  in  Germany 
revisited  for  the  purpose  of  determining  the  result  of  the  previous 
infestations  and  to  secure  data  on  the  increase  or  the  decrease  of  the 
species.  Accordingly,  early  in  the  spring  of  that  year,  Dr.  John  N. 
Summers,  who  for  a  number  of  years  had  been  in  general  charge  of 
the  parasite  work  at  the  Melrose  EQghlands  Laboratory,  was  detailed 
to  visit  the  areas  mentioned  and  to  secure  all  the  data  possible  on  the 
fluctuations  of  the  gipsy  moth,  as  well  as  to  obtain  parasitic  material 
for  shipment  to  this  country,  in  case  it  could  be  f Mnd  in  collectible 
quantities.  The  result  of  this  work  has  been  reported  by  Dr.  Sum- 
mers, and  it  appears  that  in  no  place  in  Germany  where  the  insect 
was  reported  in  1912  was  there  a  severe  or  even  moderate  infestation 
m  1914.  It  was  impossible,  therefore,  to  obtain  parasitized  material, 
and  in  most  cases  tiie  insect  was  so  rare  that  Uttle  data  beyond  the 
mere  fact  that  it  still  existed  in  the  areas  could  be  secured. 

About  the  middle  of  Jime  a  report  was  received  that  a  heavy  infes- 
tation of  the  gipsy  moth  occurred  in  the  Province  of  Bereg,  Hungary. 
This  information  was  received  from  Dr.  Josef  Jablonowski,  and  Dr. 
Summers  was  instructed  to  take  up  his  investigations  in  that  region. 
Unfortunately  it  was  impossible  for  him  to  arrive  in  the  infested 
forest  until  after  the  feeding  of  the  caterpillars  was  finished  and  most 
of  the  eggs  for  the  new  brood  of  moths  had  been  laid.  Parasites  were 
not  present  to  any  marked  extent  at  this  time,  which  was  not  sur- 
prising, owing  to  the  fact  that  the  observations  were  made  too  late 
in  the  season.  Some  evidence  was  secured  that  the  wilt  disease  was 
present  in  the  area,  but  a  fairly  good  increase  of  the  species  was  noted 
except  at  points  where  the  trees  had  been  completely  denuded  and 
where  the  caterpillars  had  died  from  starvation  or  had  moved  to 
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adjoining  treo  growth  in  search  of  food.  Dr.  Summers  estimates  that 
not  less  than  5,000  acres  were  abnost  completely  defoliated  in  the 
forests  in  Hungary  where  he  made  his  observations.  The  growth 
consisted  entirely  of  hardwoods;  the  oak  predominating,  and  a 
species  of  Carpinus,  beech,  and  maple  occurring  in  the  order  men- 
tioned.    A  few  elm  trees  were  also  present. 

The  results  of  the  P^uropean  investigations  carried  on  during  the 
past  few  years,  aside  from  furnishing  a  good  supply  of  parasitic 
species,  has  proved  beyond  question  that  as  far  as  the  forests  are 
concerned  the  character  of  the  growth  is  of  prime  importance  from 
a  gipsy-moth  point  of  view.  Coniferous  forests  predominate  in  Ger- 
many, and  these  are  not  Injured  by  the  gipsy  moth.  The  deciduous 
forests  in  that  country  are  not  large,  and  the  injury  is  periodical  and 
severe.  In  Hungary  large  deciduous  forests  are  present  and  the 
infestation  is  more  or  less  common  from  year  to  year.  Severe  defolia- 
tion usually  continues  for  about  three  years  before  a  marked  decrease 
of  the  moth  is  observed,  and  then  a  few  years  pass  before  another 
outbreak  is  noticed.  This  information,  with  certain  data  which  have 
been  collected  in  this  country  for  the  past  few  years  relative  to  the 
increase  or  decrease  of  the  gipsy  moth  under  New  England  forest  con- 
ditions, together  with  a  careful  study  of  the  feeding  habits  of  the 
gipsy-moth  caterpUlar  in  all  its  stages  on  the  various  species  of  tree 
growth,  and  the  beneficial  influence  which  is  being  felt  to  a  greater 
extent  each  year  as  a  result  of  the  increase  of  the  parasites  and 
natural  enemies  of  the  moth  and  the  severity  of  the  wilt  disease,  all 
point  the  way  to  more  elTectivo  methods  of  handling  the  gipsy-moth 
problem. 

The  different  phases  of  the  experimental  work,  as  it  is  being  carried 
on,  will  be  touched  upon  briefly  in  order  to  indicate  the  changed  con- 
ditions which  are  being  brought  about  in  the  infested  area  in  New 
England. 

PARASrrE   WORK. 

As  has  already  been  stated,  the  first  attempts  to  introduce  the 
parasites  and  natural  enemies  of  the  gipsy  moth  and  brown-tail  moth 
were  begun  in  1905.  In  all  more  than  30  enemies  of  these  insects, 
which  are  present  to  a  greater  or  less  extent  in  their  native  homes, 
have  been  introduced  into  Now  England.  More  than  half  of  the 
species  have  been  received  in  sufTicient  numbers  so  that  colonies 
could  be  liberated  under  field  conditions,  and  they  have  had  an 
opportunity  to  demonstrate  their  ability  to  withstand  climatic  con- 
ditions and  to  become  established  in  this  country.  As  should  be 
expected,  a  large  number  of  the  species  have  failed  to  survive.  A 
few  have  been  recovered  from  year  to  year,  showing  that  while  they 
have  the  abihty  to  maintain  themselves,  they  have  not  yet  been 
able  to  increase  to  a  sufficient  extent  to  become  a  useful  factor  in 
controlling  their  hosts.  A  few  species  have  become  established  and 
are  increasing  satisfactorily.  In  fact,  some  of  them  are  making  suffi- 
cient headway  so  that  they  have  already  become  a  very  appreciable 
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The  Gipsy  Moth  (Porthetria  dispar). 

Upper  left,  male  moth  with  wings  folded ;  just  below  this,  female  moth  with  wings  spread  : 
just  below  this,  male  moth  with  wings  spread ;  lower  left,  female  moth,  enlarged ;  top 
c«nter,  male  pui)a  at  left,  female  pupa  at  right;  center,  larva;  on  branch,  at  top,  newly 
fonned  popa;  on  branch;  just  below  this,  larva  ready  to  pupate;  on  branch,  left  side, 
pupae;  on  branch,  center,  egg  cluster,  on  branch,  at  bottom,  female  moth  depositing  egg 
cluster.    All  slightly  reduced  except  figure  at  lower  left.    (From  Howard  and  Fiske.) 
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The  Brown-Tail  Moth  (Euproctis  chrysorrhoea). 
Upper  left,  hibernating  web ;  just  below  this,  small  larvse  feeding  at  left,  larger  larva  at  ri^Wt 


just  below  this,  female  moth  depositing  eggs  at  left,  egg  mass  at  right;  lower  left,  egg 
with  eggs  exposed ;  top  center,  male  pupa  at  left,  female  pupa  at  right ;  upper  right,  eoco*>t 
incased  in  leaves ;  lower  right,  male  moth  above,  female  moth  below.  All  slightly  reduc^^<9 
(From  Howard  and  Fiske.) 
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factor  in  reducing  the  infestation  of  the  gipsy  moth  even  under  our 
adverse  food-plant  conditions.  The  most  valuable  species  will  be 
mentioned  briefly  in  order  to  give  an  idea  of  their  habits. 


Fio.  1. — Anastatus  bifiueiatut:  Adult  female.    Greatly  enlarged.    (From  Howard.) 

Two  species  of  minute  hymenopterous  parasites  which  attack  the 
^gs  of  the  gipsy  moth  have  become  established  in  New  England. 
One,  AnoMaitLS  hifasdatus  Fonsc.  (fig.  1),  occurs  in  Europe  and 
Japan,  and  although  only  one  brood  of  this  insect  is  reproduced  each 


Fio.  2.—acludiu»  \uvanae:  Adult  female.    Greatly  enlarged.    (From  Howard.) 

season,  it  has  succeeded  in  maintaining  itself  and  increasing  in  prac- 
tically every  locality  in  which  it  has  been  liberated.  The  other 
species,  Schedius  TcuvanaeHovf,  (fig.  2),  was  imported  from  Japan. 
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A  brood  of  this  species  develops  under  favorable  weather  conditions 
in  about  four  weeks.  The  first  brood  appears  in  August  and  the 
insect  continues  to  breed  until  cold  weather  sets  in.  Owing  to  the 
fact  that  several  broods  develop  in  a  single  season,  the  insect  increases 
very  rapidly.  It  can  be  reared  in  the  laboratory  for  the  purpose  of 
colonization,  and  this  work  is  being  done  each  year.  Unfortunately 
the  insect  does  not  always  survive  the  winter  in  good  condition,  so 
that  its  occurrence  in  the  colonies  where  it  is  liberated  is  by  no  means 
as  uniform  as  that  of  Anastatus. 

ApanieUslacteicolor  \ier,  (fig.  3)  is  a  small  hymenopterous  parasite 
which  deposits  its  eggs  in  the  small  caterpillars  of  the  brown-tail 
moth  in  August.  The  eggs  of  the  parasite  hatch  in  the  body  of  the 
small   caterpillar,   but    development   is   very   slow   during  the   falL 

Caterpillars  that  are  attacked  in 
this  way  feed  and  enter  the  liiber- 
natmg  web  with  their  more  for- 
tunate comrades.  They  pass  the 
winter  and  emerge  with  the  others 
early  in  the  spring.  As  soon  as 
they  have  become  active  and 
begin  feeding  the  Apanteles  larva 
also  begins  feeding  and  by  the 
time  the  caterpillar  is  about  one- 
fourth  of  an  inch  long  this  inter- 
nal  parasite  has  become  large 
enough  to  destroy  it.  The  Apan- 
teles larva  then  makes  its  way 
from  the  body  of  the  caterpillar, 
forms  a  cocoon  (PL  III,  fig.  1), 

Fio.  3.— ApantflfslactcicoInT:  \(\u\[  JcmoXei  and  CO-  ,  i      •       t  i.!.         j    Ij. 

coon.  Much  enlarged.  (Original )  and  early  lu  Juue  the  adult  para- 

site emerges.  This  is  the  time  of 
year  when  small  caterpillars  of  the  gipsy  moth  are  feeding,  and  the 
parasites  attack  these  caterpillars  and  pass  through  one  generation 
with  the  gipsy  moth  as  a  host. 

Another  species  wliich  attacks  both  the  gipsy  and  brown-tail 
moth  caterpillars  is  a  parasitic  fly  known  as  Compsilura  concinnata 
Meig.  (PL  III,  fig.  2).  This  insect  is  about  the  size  of  the  house 
fly,  although  its  habits  are  strictly  those  of  a  caterpillar  parasite. 
Early  in  the  spring  the  female  fly  deposits  a  small  maggot  in  the 
body  of  the  larva  of  the  brown-tail  moth  which  feeds  inside  the 
body  of  the  caterpillar  and  becomes  full-grown  early  in  June.  At 
this  time  the  maggot  burrows  through  the  epidermis  of  the  host 
and  forms  a  puparium  from  which,  in  about  a  week,  the  adult  fly 
emerges.     This  brood  attacks  the  gipsy-moth  caterpillars,  the  adult 
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flies  emerging  early  in  July.  One  or  more  broods  may  follow 
before  cold  weather  in  case  native  larvae  are  at  hand  to  serve  as 
hosts. 

A  species  of  Apanteles  {A.  m^lanoscelis  Ratz.),  which  was  received 
in  small  numbers  from  Italy  in  the  summer  of  1912,  was  Uberated 
near  the  laboratory  at  Melrose  Highlands,  Mass.  It  is  double-brooded, 
both  generations  being  passed  on  gipsy-moth  caterpillars.  This 
species  has  maintained  itself  since  its  introduction  and  promises  to 
be  a  most  valuable  addition  to  the  enemies  of  the  gipsy  moth.  It 
has  not  been  imported  or  recovered  in  sufficient  numbers  from  the 
colony  liberated  m  this  country  so  that  other  colonies  could  be 
established,  but  is  considered  a  very  valuable  species. 

The  Calosoma  beetle  (C.  aycophunta  L.)  (PL  IV),  while  not  strictly 
a  parasite,  is  at  the  present  time  doing  more  eflFective  work  against 
the  gipsy  moth  than  any  single  introduced  species.  This  large 
green  beetle  hibernates  in  the  ground  during  the  winter  and  emerges 
about  the  first  of  Jime.  It  feeds  on  the  caterpillars  and  pupae  of 
the  gipsy  moth  and  brown-tail  moth,  as  well  as  on  such  native  spe- 
cies as  it  may  find.  These  beetles  climb  trees  and  are  continuously 
searching  for  food.  They  hve  two  or  three  years  and  after  mid- 
summer burrow  into  the  ground  where  they  remain  during  the  winter. 
On  the  averi^e,  100  egga  are  deposited  in  the  ground  annually  by 
each  female.  The  beetle  larvae  hatch  in  about  a  week.  They  are 
proficient  tree  climbers  and  feed  constantly  on  the  caterpillars  and 
pupae  of  the  gipsy  moth  or  other  insects  until  they  become  full  grown 
about  the  middle  of  July.  This  species  has  increased  and  spread 
in  a  most  satisfactory  manner,  and  has  made  great  inroads  on  the 
gipsy  moth  in  many  localities.  Both  the  beetles  and  the  larvae  attack 
the  caterpillars  of  the  brown-tail  moth,  so  that  double  benefit  results. 

Another  parasite,  one  which  attacks  the  brown-tail  moth  only, 
is  a  hymenopteron  known  as  Meteorus  versicolor  Wesm.  It  has 
become  well  established,  but  is  seldom  found  in  great  numbers. 
It  is  possible  that  this  species  may  increase  rapidly  later  on,  but 
at  the  present  time  it  does  not  appear  to  be  as  beneficial  as  those 
that  have  previously  been  mentioned.  Several  species  of  introduced 
tachinid  ffies  are  recovered  occasionally,  but  in  such  small  numbers 
as  to  indicate  that  they  are  not  at  the  present  time  doing  effective 
work. 

An  enormous  amount  of  careful  study  and  a  large  number  of 
detailed  experiments  have  been  carried  on  in  order  to  determine  the 
life  histories,  habits,  and  utihty  of  the  different  species  which  have 
been  introduced.  It  has  been  necessary  from  time  to  time  to  develop 
new  methods  of  handling  these  species  in  order  to  get  the  data 
desired,   and  practically  all  the   equipment   and  breeding  devices 
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used  at  the  laboratory  are  of  original  design  and  have  been  constructed 
for  the  purpose  of  furthering  the  gipsy-moth  investigations.  Much 
valuable  information  of  a  biological  nature  has  been  secured  which 
is  not  only  of  direct  value  to  the  parasite  phase  of  the  gipsy-moth 
work  but  has  been  found  useful  in  connection  with  insect  problems 
in  various  parts  of  the  country. 

RECENT   COLONIZATIONS   AND  RECOVERY   OF   IMPORTED   PARASITES. 

During  the  past  two  or  three  years  careful  investigations  have 
been  carried  on  to  determine  the  increase  and  spread  of  the  different 
parasites.  In  the  summer  of  1914  this  work  was  in  charge  of  Mr. 
S.  S.  Grossman.  As  large  a  number  as  possible  of  the  different 
species  have  been  liberated  in  the  remote  parts  of  the  infested  area 
for  the  purpose  of  securing  the  establishment  of  these  valuable 
species  over  the  entire  territory  at  the  earhest  possible  date.  In 
the  fall  of  1918  Ana^^tutus  hifasciahis  was  recovered  from  41  towns 
and  the  parasitism  in  the  collections  secured  averaged  about  30 
per  cent.  From  one  collection  over  43  per  cent  of  the  eggs  had  been 
destroyed  by  this  insect.  As  a  result  of  the  collection  made  during 
the  winter,  1,561  colonies  of  this  species,  totaling  1,561,000  speci- 
mens, were  hberated;  1,047  of  the  colonies  were  placed  in  12  towns 
in  Miissachusetts  and  514  in  three  to^\^ls  in  New  Hampshire.  This 
msect  spreads  very  slowly,  hence  it  is  necessary  to  hberate  many 
colonies.  The  plan  which  is  being  used  is  to  place  a  sufficient  num- 
ber of  colonies  in  a  town  so  that  no  further  colonization  in  that  town 
\vill  be  necessary.  The  work  on  this  insect  required  the  collection 
in  the  fall  of  1913  of  about  7,500  gipsy-moth  egg  clusters  and  these 
were  secured  from  over  100  selected  localities. 

In  the  fall  of  1913,  33  towns  were  colonized  with  Schedius  Jcuvana^. 
The  number  of  colonies  placed  in  a  town  varied  from  1  to  10,  depend- 
ing on  the  gipsy-moth  infestations.  Most  of  the  colonies  were  liber- 
ated in  the  southern  part  of  the  infested  territory  in  Massachusetts, 
as  it  was  beheved  that  this  section  would  be  favorable  for  the  survival 
of  the  species  during  the  winter.  In  all  110  colonies  were  liberated, 
containing  over  375,000  individuals.  This  species  spreads  more 
rapidly  than  Anastatus,  so  it  is  not  necessary  to  place  as  many 
colonies  in  a  given  area.  Over  14,000  gipsy-moth  egg  clusters  were 
collected  from  about  100  selected  locahties  within  the  area  bounded 
by  Exeter,  N.  H.,  and  Berlin,  Bolton,  and  Mashpee,  Mass.  This 
material  was  used  at  the  laboratory  to  secure  records  of  the  percentage 
of  parasitism  in  colonies  that  had  been  liberated  in  previous  years. 

The  spring  of  1913  was  very  favorable  for  Apanteles  lacteicolor,  and 
it  was  recovered  from  69  towns.  This  was  the  result  of  collections 
of  92,000  brown-tail  moth  webs,  a  supply  coming  from  every  one  of 
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Fkl  1.— Cocoons  of  Apanteles  lacteicolor  in  Molting  Web  of  the  Brown-Tail 

Moth.    (Original.) 


Fig.  2.— The  Compsilura  Fly  (Compsilura  concinnata):  Adult  Fly,  Much  En- 
larged, AT  Left;  Puparia,  Enlarged,  at  Right.    (Original.) 
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Plate  i\ 


t 


The  Calosoma  Beetle  (Calosoma  sycophanta).  ) 

Upper  left,  eggs;  lower  left,  adult  beetle  feeding  on  gipsy  moth  caterpillar;  upper  rlg^lit^  eripi 
moth  piipaj  destroyed  by  Calosoma  larvse  ;  center, Calosoma  larva,  ventral  view;  rii^ht  o^tv\J 
Calosoma  larva,  dorsal  view ;  lower  right,  Calofloma  pupa  in  cavity  In  ground.    (From  B:o'«ra 

and  Fiske.) 
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the  New  England  States.  Fifty-six  colonies  were  liberated  in  48 
towns,  a  total  of  over  76,000  cocoons  being  placed  in  the  field.  During 
the  winter  of  1913-14  collections  of  brown-tail  moth  webs  were  made 
in  72  towns  scattered  over  the  infested  area  in  New  England.  The 
recovery  of  the  parasite  indicates  that  it  has  become  established  as 
far  north  as  Monson,  Me. ;  west  as  far  as  North  Adams,  Mass. ;  and 
south  as  far  as  Waterford,  Conn.  About  2,500  cocoons  were  liber- 
ated in  the  spring  of  1914  in  three  of  the  Connecticut  Valley  towns 
in  Vermont.  Our  work  on  this  species  was  supplemented  by  cooper- 
ative work  which  was  carried  on  by  Prof.  W.  C.  O'Kane,  State  ento- 
mologist of  New  Hampshire.  From  collections  made  by  his  assistants 
he  was  able  to  colonize  Apan teles  in  11  towns,  1,000  specimens  being 
put  in  most  of  these  colonies.  Similar  work  is  carried  on  in  coopera- 
tion with  the  gipsy-moth  laboratory  by  Maj.  E.  E.  Philbrook,  State 
moth  superintendent  of  Maine,  but  a  definite  statement  of  the  num- 
ber of  colonies  liberated  can  not  be  given  at  this  time.  An  arrange- 
ment was  made  during  the  fall  of  1913  to  continue  cooperative 
parasite  work  between  the  laboratory  and  the  entomologist  of  the 
Dominion  of  Canada,  Dr.  C.  Gordon  Hewitt.  In  the  spring  of 
1914  he  detailed  one  of  his  assistants,  Mr.  L.  S.  McLaine,  to  take  up 
work  in  Massachusetts,  using  the  gipsy  moth  laboratory  as  head- 
quarters. Mr.  McLaine  secured  several  assistants,  and  as  a  result  of 
his  eflforts  about  1,000  Apan  teles  cocoons  were  sent  to  the  brown-tail 
moth  infested  area  in  New  Brunswick  for  the  purpose  of  colonizing 
the  species.  Similar  efforts  were  made  the  previous  year  and  colonies 
were  Uberated  in  New  Brunswick  and  Nova  Scotia,  and  in  several  of 
these  places  the  species  survived  the  winter  of  1913.  (PI.  V.)  In 
general  it  should  be  said  that  the  winter  of  1913-14  resulted  in  a 
marked  decrease  in  the  abundance  of  Apanteles.  An  unusually 
high  mortality  of  caterpillars  in  the  brown-tail  webs  accounts  for  this 
decrease.  The  exact  cause  of  the  mortahty  of  the  brown-tail  moth 
caterpillars  can  not  be  definitely  stated,  but  it  seems  to  be  attributable 
to  an  imusually  severe  winter,  the  presence  to  a  greater  or  less  extent 
of  internal  parasites  in  the  caterpillars,  and  the  effects  of  the  brown- 
tail  fungus,  a  disease  which  also  affects  the  larvse  of  this  species. 

The  parasitism  of  the  gipsy  moth  by  Apanteles  Jadeicolor  was  not 
nearly  as  high  in  1914  as  during  the  previous  year,  and  was  of  course 
a  direct  result  of  the  f ailiu'e  of  the  brown-tail  moth  caterpillars  to 
bring  through  the  first  generation  of  the  parasite. 

During  the  summer  of  1913  CompsUura  concinnata  was  recovered 
from  54  new  towns.  Eleven  of  these  were  in  Maine,  14  in  New 
Hampshire,  and  29  in  Massachusetts.  In  the  summer  of  1914  this 
insect  was  foimd  in  44  new  towns — 2  in  Maine,  21  in  New  Hampshire, 
20  in  Massachusetts,  and  1  in  Rhode  Island.  It  is  possible  that 
82d42*»— Bull.  204—15 2 
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Compsilura  is  present  in  more  localities  in  Maine,  but  we  hare  been 
unable  to  secure  definite  records  to  that  eflfect.  *  The  following  table 
is  interesting,  as  it  shows  the  general  rate  of  dispersion  of  this  para- 
site. The  spread  recorded  is  based  on  distance  from  Melrose  High- 
lands, Mass.,  and  is  mostly  due  to  natural  spread,  although  a  few 
small  colonies  have  been  liberated  outside  of  the  area  where  the 
species  was  known  to  occur  in  191^. 

Table   I. — Dispersion  of  Compsiltura  concinnata.     DistoTice  recovered  from  Mdrose 

Highlands^  Mass. 


1913 

1914 

From  Melrose  Highlands: 
North. .".....  rT? 

Miles. 

75 
100 
60 
40 
60 
70 

Mila. 
100 
130 
-   50 
55 
65 
80 

Northeast 

South 

Southwest 

West 

Northwest 

It  is  undoubtedly  true  that  this  species  is  now  present  over  an 
area  which  would  be  represented  by  connecting  the  points  indicated 
by  the  directions  and  distances  given  in  the  table  for  1914.  (PL  VI.) 
Four  thousand  five  hundred  and  sixty-five  Compsilura  were  liber- 
ated in  10  new  towns  in  1913  and  10,000  were  placed  in  21  new 
towns  in  1914,  as  follows:  Eight  in  New  Hampshire,  5  in  Vermont, 
2  in  Massachusetts,  2  in  Rhode  Island,  3  in  Connecticut,  and  1  colony 
was  forwarded  to  a  substation  of  the  Biureau  of  Entomology  at 
Koehler,  N.  Mex.,  in  order  to  test  the  value  of  this  species  as  an 
enemy  of  the  range  caterpillar  (HemUeuca  oliviae  Ckll.)i  an  insect 
which  is  causing  enormous  damage  to  the  grazing  lands  in  that  State. 
In  addition  to  the  number  of  specimens  of  this  species  colonized  in 
1914,  about  5,000  were  secmred  by  Mr.  McLaine  and  shipped  to  New 
Bnmswick;  about  3,000  were  secured  by  Mr.  R.  S.  Ferguson,  assist- 
ant in  the  moth  department  of  the  State  of  Maine,  who,  with  several 
assistants,  were  collecting  for  the  purpose  of  establishing  colonies  in 
that  State,  and  over  2,500  were  collected  and  colonized  by  Prof. 
O'Kane's  assistants  in  New  Hampshire. 

Three  hundred  and  sixty-five  sample  collections  of  gipsy-moth 
larvae  which  were  secured  during  the  summer  of  1914  from  scattered 
localities  in  Maine,  New  Hampshire,  Massachusetts,  and  Rhodoj 
l3land,  consisted  of  over  99,000  caterpillars.  This  material  required 
the  use  of  over  500  rearing  trays  at  the  laboratory  and  the  constant 
attention  of  several  assistants  to  feed  the  larvae  in  each  tray  and 
record  the  parasitism,  mortality,  and  other  data.  ' 

Based  on  25  collections  of  gipsy-moth  larvae  taken  at  widely  scat-j 
tered  points  in  the  gipsy-moth-infested  area  and  aggregating  46,000 
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specimens,  an  average  of  20  per  cent  of  parasitism  by  Compsilura 
was  found  to  exist.  Several  large  single  colonies  showed  a  degree 
of  parasitism  ranging  from  40  to  50  per  cent.  The  results  secured 
with  this  species  during  the  summer  of  1914,  based  on  the  number  of 
parasites  obtained  from  the  collections,  indicate  that  the  distribution 
of  this  insect  is  more  likely  to  be  local  than  general,  since  in  areas 
where  it  was  abundant  in  the  summer  of  1913  it  was  recovered  in 
rery  small  numbers  in  1914,  in  spite  of  the  fact  that  a  moderate 
inf^tation  was  present  during  the  latter  year. 

Apantdes  mdanoscdis,  a  species  already  referred  to,  is  showing 
considerable  promise.  As  high  as  19  per  cent  of  the  second  stage 
gipsy  moth  larv»  collected  at  Melrose  Highlands  during  the  summer 
of  1914  were  parasitized.  This  species  was  recovered  from  two  now 
towns  this  year,  namely,  Stoneham  and  Saugus. 

Considerable  additional  data  have  been  secured  from  other  imported 
parasites  which  have  been  colonized  in  this  coimtry  and  have  sur- 
vived in  more  or  less  numbers.  The  details  are  not  given,  however, 
inasmuch  as  it  has  not  been  demonstrated  thus  far  that  they  are  of 
particular  value  as  parasites  of  either  the  gipsy  moth  or  the  brown-tail 
moth.        • 

Pteromalus  egregius  Forst.  has  been  recovered  in  small  numbers 
from  many  parts  of  the  territory  infested  by  the  brown-tail  moth. 
The  larva  of  this  insect  works  as  an  external  parasite  of  the  small 
brown-tail  moth  caterpillars  in  the  webs.  MonodorUomerus  aereus 
Walk.,  a  parasite  of  gipsy  and  brown-tail  moth  pupae,  is  known  to 
occur  throughout  most  of  the  area  infested  by  these  insects.'  It  has 
been  reared  in  small  numbers  from  tachinid  puparia  and  undoubt- 
edly has  other  unrecorded  hosts. 

Calosoma  sycophanta  has  been  foimd  during  the  summer  of  1914 
over  a  much  wider  area  than  that  previously  recorded  (PI.  VII). 
Owing  to  the  ease  with  which  the  beetles  and  their  larvae  could  be 
collected  in  the  field  it  has  been  possible  to  Uberate  37  colonies  in 
New  Hampshire,  Massachusetts,  Rhode  Island,  and  Connecticut. 
These  were  placed  outside  the  area  where  the  species  was  previously 
known  to  occur.  In  addition,  colonies  of  Calosoma  have  been  hber- 
ated  in  Maine  and  New  Hampshire  by  State  officials.  Colonies  have 
been  hberated  in  New  Brunswick,  Nova  Scotia,  and  Quebec  as  a 
result  of  collections  made  by  Mr.  McLaine  and  his  assistants,  and 
1,700  specimens  were  collected  by  Mr.  H.  E.  Smith  and  forwarded 
to  Koehler,  N.  Mex.,  to  test  their  value  as  an  enemy  of  the  range 
caterpillar.* 

»ThIs  work  was  carried  on  by  arrangement  with  Mr.  F.  M.  Webster,  who  is  in  charge  of  the  Cereal 
iDd  Forage  Oop  Insect  Investigations  of  the  Bureau  of  Entomology. 
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As  a  result  of  the  Calosoma  scouting  work  carried  on  duriing 
and  August,  1914;  it  has  been  found  that  this  species  exists  in  18 
in  Maine,  93  in  New  Hampshire,  1 70  in  Massachusetts,  3  in  Rhode 
and  2  in  Connecticut.  Data  concerning  this  insect  obtained  d 
present  year  indicate  that  the  species  is  able  to  maintain  itself  in 
siderable  numbers  in  areas  where  the  gipsy-moth  infestation  is  si 
and  that  as  a  rule  the  species  continues  to  be  abundant  after  it  c 
becomes  established  in  a  locality.  Owing  to  the  well-known  ha 
of  the  beetles  in  migrating  considerable  distances,  it  was  thou 
that  territory  with  light  infestation  would  be  deserted  in  f avoi 
areas  where  caterpillars  occurred  in  abundance.  This  does  not  pr 
to  be  the  case  and  it  is  another  feature  which  increases  the  valu< 
this  beneficial  insect. 

The  table  below  shows  the  colonization  of  the  principal  pi 
during  1913  and  1914: 

Table  II. — Colonization  of  natural  enemies  in  1913  and  1914. 


YlilUf 

3arasi 


Species. 


Number  of  colonies 
liberated. 


1913 


1914 


Number  of  individuals 
libecated. 


1913 


1914 


Towns  wbereo 
nieswereplaofl 


1913 


Anastatus  bifasciatus  ^ . . 

Schedius  kuvanae 

Apantetes  lacteicolor  K . . 
Compsilura  concinnata  i 
Calosoma  syeophanta  i  . 


,500 

110 

56 

10 

45 


1,561 

502 

14 

28 

49 


1,600,000 

352,000 

76,000 

4,565 

6,175 


1,561,000 

«42 

2,093,254 

33 

13,119 

48 

23,638 

10 

8,104 

42 

1 A  part  of  the  collections  and  colonization  were  made  by  cooperative  arrangements  with  the  State  offiel 
of  Maine  and  New  Hampshire,  with  the  Dominion  Entomologist  of  Canada,  and  with  Mr.  P.  M.  Wetai 
of  this  bureau. 

« In  many  of  these  towns  only  a  few  colonies  were  liberated. 

The  results  of  the  work  accomplished  by  introduced  parasites  i 
the  gipsy  moth  during  the  past  year  have  been  excellent.     It  is  tm 
that  the  increase  of  Apantdes  lacteicolor  has  been  seriously  retarde 
but  the  other  species  have  given  a  good  account  of  themselves.     TU 
fact  that  Compsilura  and  Calosoma  are  becoming  established  in  ih 
remote  parts  of  the  area  infested  with  the  gipsy  moth  and  are  ahl 
to  maintain  themselves  under  these  conditions  is  very  encouragiDg 
as  the  work  of  these  species  will  tend  to  reduce  the  infestation  am 
be  an  important  factor  in  preventing  the  spread  along  the  outsidi 
border. 

WILT.DISEASE  INVESTIGATIONS. 

In  connection  with  the  parasite  work  and  having  a  distinct  influence 
on  the  increase  of  the  gipsy  moth  in  the  field,  an  elaborate  series  (A 
experiments  has  been  conducted  by  Mr.  R.  W.  Glaser  and  several 
assistants  for  the  purpose  of  securing  information  on  the  identity 
of  the  wilt  disease  (PI.  VIII)  and  the  factors  which  are  favorable  to 
its  increase  in  the  field. 
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The  Wilt  Disease  of  the  Gipsy  Moth.    (Original.) 

Not©  the  typical  way  in  which  these  caterpillars  hung  when  affected  by  this  di^ell«e. 
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This  work  has  been  carried  on  at  the  Bnssey  Institution,  Forest 
Hills,  Mass.,  and  a  sublaboratory  in  charge  of  Mr.  J.  J.  Culver  has 
been  maintained  during  the  summer  at  Worcester,  Mass.,  where 
special  experiments  have  been  conducted  to  determine  the  relation  of 
favorable  and  unfavorable  food  plants  to  the  development  of  the 
disease.  A  series  of  field  experiments  was  also  conducted  in  a  selected 
area  at  Lunenbiu^,  Mass.,  by  Mr.  A.  W.  Young  and  Mr.  R.  T.  Webber, 
who  made  continuous  observations  in  a  limited  area  on  the  develop- 
ment of  the  disease  under  field  conditions,  with  particular  reference 
to  the  relation  of  temperature  and  humidity.  Several  other  points 
were  selected  in  Massachusetts  where  continuous  temperature  and 
humidity  records  were  secured,  as  well  as  at  the  Lunenburg  area, 
and  a  careful  compilation  of  this  data  is  expected  to  give  informa- 
tion as  to  the  weather  conditions  which  are  most  favorable  for  the 
development  of  this  disease. 

For  a  number  of  years  the  wilt  disease  has  been  found  in  the  field 
in  nearly  all  places  where  heavy  gipsy-moth  infestation  exists. 
During  the  last  year  or  two  it  has  occurred  in  light  infestations  and 
very  few  localities  in  the  infested  area  are  known  where  it  is  not 
found  to  a  greater  or  less  extent. 

The  results  of  the  season's  work  indicate  that  the  disease  has  been 
slightly  less  prevalent  during  the  past  summer  than  the  previous 
year  and  this  was  particularly  true  during  June  and  the  first  part  of 
July.  Cool  weather  prevailed  at  this  time.  Late  in  July  the  large 
caterpillars  in  many  places  were  seriously  affected,  so  that  the  in- 
crease of  the  gipsy  moth  was  not  as  great  as  was  anticipated  early 
in  the  season. 

The  technical  studies  on  the  wilt  disease  are  very  difficult  to  con- 
duct because  it  is  almost  impossible  to  seciu*e  healthy  material  for 
experimental  purposes.  The  organism  is  believed  to  be  a  filterable 
virus  and  is  so  minute  that  it  easily  passes  through  the  finest  bacterio- 
logical filters  that  have  yet  been  devised.  It  belongs  to  the  same 
dass  of  organism  as  yellow  fever  and  a  number  of  other  contagious 
diseases,  although  all  of  these  were,  at  one  time,  supposed  to  be 
caused  by  bacteria.  The  period  when  gipsy-moth  caterpUlars  of 
moderate  size  are  available  for  experiments  covers  about  six  weeks, 
and  this  adds  to  the  difficulty  of  carrying  on  investigations  on  account 
of  the  limited  time  when  material  can  be  secured.  During  the  past 
year  it  has  been  determined  that  the  wilt  disease,  or  a  similar  organ- 
ism, affects  eight  of  our  common  native  caterpillars  in  addition  to 
the  gipsy  moth.  It  is  also  known  to  attack  the  silkworm  (Sericaria 
wm  L.)  and  nun  moth  {Porihetria  monacTia  L.),  a  fairly  common 
European  species  which  is  very  destructive  to  pine.  Good  results 
tave  been  secured  this  year,  but  a  large  amoimt  of  work  is  necessary 
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in  order  to  establish  the  essential  facts  concerning  the  identity  of 
the  organism  and  the  conditions  most  favorable  for  its  increase  and 
development. 


FOOD-PLANT  INVESTIGATIONS. 


As  has  already  been  pointed  out,  the  species  of  tree  growth  have 
an  important  relation  to  the  ability  of  the  gipsy  moth  to  increase 
and  cause  serious  damage  in  the  field.  Nearly  20  years  ago  food- 
plant  experiments  were  conducted  in  this  country  to  determine  the 
species  upon  which  the  gipsy  moth  would  subsist,  and  a  long  list  of 
food  plants  was  published  by  Forbush  and  Femald  in  their  excellent 
book  on  the  gipsy  moth.  Most  of  these  experiments,  however,  were 
carried  on  by  using  large  caterpillars  and  feeding  them  in  jars  or  cages 
in  the  laboratory.  At  that  time  it  did  not  seem  important  to  deter- 
mine whether  there  was  variation  in  the  feeding  habits  of  the  cater- 
pillars in  diflFerent  stages.  As  early  as  1908  it  was  observed  and 
proven  by  an  extensive  field  experiment  that  the  first-stage  cater- 
pillars of  the  gipsy  moth  could  not  develop  on  white  pine  in  the 
absence  of  other  food.  This  naturally  led  to  the  question  of  unfavor^ 
ability  of  other  species  to  gipsy  moth  attack.  In  1912  a  careful 
series  of  food-plant  experiments  was  begun.  Mr.  F.  H.  Mosher  too^ 
charge  of  this  work  and  has  been  furnished  with  a  number  of  assisti 
ants  during  the  feeding  season.  The  feeding  was  carried  on  in  indi^ 
vidua!  trays,  which  were  specially  constructed  for  the  purposei 
One  hundred  first-stage  caterpillars  were  placed  upon  a  branch  oi 
f oUage  in  each  tray.  In  this  way  the  feeding  habits  could  be  observedj 
the  foliage  renewed  daily,  and  it  was  possible  to  determine  whidj 
food  plants  were  least  subject  to  attack  under  laboratory  conditionsj 
Similar  experiments  were  carried  on  with  caterpillars  in  the  succeed 
ing  stages.  This  work  was  continued  in  the  summers  of  1913  and 
1914,  so  that  up  to  the  present  time  about  250  species  of  trees  an^ 
shrubs  have  been  tested.  | 

As  a  result  of  these  experiments  some  of  the  more  common  specie! 
are  rated  as  follows:  ! 

I. — Species  favored  by  the  gipsy-moth  larvae  in  all  stages: 


A.lder,  speckled.* 

Ash,  mountain.* 

Aspen.* 

Balm  of  Gilead.* 

Basswood. 

Beech. 

Birch,  gray.* 

Birch,  paper. 

Birch,  red.* 

Boxelder.* 

Larch. 


Oak,  black. 

Oak,  chestnut. 

Oak,  post.* 

Oak,  red. 

Oak,  scarlet. 

Oak,  swamp  white. 

Oak,  white. 

Poplar,  big  toothed.* 

Shadbush.* 

Willow.* 

Witch  hazel.* 


L  Species  of  low  commercial  value. 
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II. — Species  favored  by  the  gipsy-moth  larvae  after  the  first  stage: 


Oieetnut. 
Hemlock. 
Pine,  haid.^ 
Pine,  red. 
Pine,  white. 


Spruce,  black.  ^ 
Spruce,  Norway. 
Spruce,  red. 
Spruce,  white.* 


III. — Species  not  favored  by  the  gipsy-moth  larvsB  but  capable  of 
supporting  it: 


Beech,  blue.* 

Birch,  black. 

Birch,  yellow. 

Cherry,  black. 

Elm. 

Gtim,  black.' 

Hornbeam,  hop.* 


Maple,  red.* 
Maple,  silver.* 
Maple,  sugar. 
Pignut. 
Sassafras.* 
Shagbark. 


IV. — Species  unfavored  by  the  gipsy-moth  larvae  in  all  stages: 


Arborvitae. 
Ash,  black.* 
Adi,  white. 
Butternut. 
Cedar,  red.* 
Cedar,  white. 


Fir,  balsam.* 
Hackberry.* 
Locust,  black. 
Locust,  honey. 
Sycamore.* 
Tulip. 


i  Species  of  low  commercial  value. 

During  1914  many  food  plants  were  tested  which  do  not  ordinarily 
occur  in  New  England  except  when  planted  for  ornamental  purposes. 
They  grow  to  a  greater  or  less  extent  in  other  sections  of  the  United 
States,  and  it  was  desired  to  make  these  tests  in  order  to  determine 
whether  these  plants  would  be  seriously  damaged  by  the  gipsy  moth 
in  case  it  should  spread  from  New  England.  The  information  is  also 
useful  as  a  guide  to  the  method  of  treatment  which  should  be  appUed 
in  case  a  small  colony  should  become  established  in  some  region 
outside  the  present  infested  area.  Dining  the  first  two  summers 
that  these  experiments  were  carried  on  a  sublaboratory  was  main- 
tained at  Worcester,  Mass.,  where  check  experiments  were  con- 
ducted. The  food-plant  work  is  now  nearly  completed  and  the 
results  wiU  be  brought  together  shortly  for  pubUcation.  In  con- 
nection with  these  experiments  it  should  be  said  that  a  large  number 
of  observations  have  been  made  in  the  field  each  summer  relative  to 
the  favorabihty  of  different  species  of  trees  and  undergrowth  to 
ppsy-moth  attack.  This  information  serves  as  a  check  on  the 
laboratory  experiments  which  are  carried  on  under  artificial  condi- 
tions. TTie  observations  in  the  field  have  in  the  main  been  made  in 
definite  areas,  which  were  selected  for  an  entirely  different  purpose 
and  will  be  considered  under  the  next  experimental  project. 
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EXPERIMENTS  IN  DETERMINING  THE  INCREASE  OF  THE  dPST  MOTH  IN  THE  FIIU). 

In  view  of  the  importance  of  parasites,  disease,  and  unfavored 
food  plants  in  reducing  the  increase  of  the  gipsy  moth,  it  seoned 
desirable  to  secure  definite  data  on  the  normal  increase  of  this  insect 
in  the  field  and  the  increase  where  these  deterrent  elements  were 
present  in  varying  degrees.    The  most  feasible  way  to  determine  the 
increase  is  to  compare  tjie  number  of  egg  clusters  in  a  given  locality 
from  year  to  year.     In  order  to  do  this  arrangements  were  made  in 
the  fall  of  1911  to  study  field  conditions  in  a  systematic  manner. 
About  250  areas  which  have  been  designated  as  '* observation  points" 
were  selected  throughout  the  infested  area.     This  gave  an  oppor- 
tunity for  ascertaining  the  eflFect  of  latitude,  seasonal  variation,  and 
altitude  on  the  increase  of  the  species.     In  selecting  these  points  an 
attempt  was  made  to  secure  as  many  pure  stands  of  forest  growth  as 
possible;  also,  to  obtain  areas  of  mixed  growth  where  the  proportion 
of  favored   food   plants   varied.    Areas   were   also   secured  where 
different  species  of  parasites  had  been,  liberated  and  where  the  wilt 
disease  had  occurred  abundantly  or  in  a  small  amoimt  during  the 
previous  year.     The  degree  of  infestation  was  also  considered  in 
making  a  selection  and  a  number  of  points  were  obtained  where  the 
trees  had  previously  been  defoliated  to  check  against  some  where  no 
defoliation  had  resulted  and  the  infestation  was  very  light.     After 
an  area  was  selected  a  tree  was  marked  for  a  center  and  a  circle  100 
feet  in  diameter  was  laid  out.     Each  tree  within  the  circle  was 
numbered  consecutively  and  a  note  made  of  its  species,  size,  and 
condition.     In  the  fall,  as  soon  as  the  fohage  had  dropped,  a  cardnl 
count  was  made  of  the  egg  clusters  on  each  tree.    These  results  have 
been  secured  and  tabulated  as  well  as  exact  information  relative  to 
the  number  of  egg  clusters  found  on  the  ground  and  undei^rowtlL 
Records  have  ako  been  kept  on  the  condition  of  the  trees  from  yeal 
to  year,  and  the  number  of  trees  which  died  in  each  area  has  been 
carefully  noted.     The  condition  of  the  territory  surrounding  these 
points,  as  regards  infestation,  has  also  been  noted.     This  work  ha^ 
been  supervised  by  Mr.  C.  W.  Minott,  but  it  has  not  been  carried  oi| 
for  a  sufiicient  number  of  years  to  give  all  the  exact  informatioi] 
desired. 

The  following  table  gives  the  gross  number  of  egg  clusters  found  ic 
the  points  each  year,  and  will  be  of  interest  as  indicating  in  a  genera] 
way  the  severity  of  the  infestation  from  1910  to  1914. 

It  will  be  noted  that  170  points  are  given  in  the  table.  The  balance 
of  the  250  which  were  originally  selected  have  been  discontinuedj 
owing  to  destruction  by  fire,  promiscuous  cutting  by  the  owners,  o\ 
for  other  reasons.  The  area  in  the  points  aggregates  30.18  acre^ 
and  the  surroimding  territory  which  has  been  watched  brings  th^ 
total  imder  observation  up  to  863.1  acres.     For  convenience,  ihi 
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infested  territory  has  been  divided  into  five  sections,  and  the  towns 
in  which  the  points  were  located  are  indicated  on  the  accompanying 
laap. 

Table  III. — Gipsy  moth  egg  dtisUrs  recorded  in  ohservaiion  points y  1910-1914- 


Locations. 


Eastern  New  Hampshire  and  Maine. 

Western  New  Hampshire 

Northern  Maasachoaetts. 

Western  liaasachosetts 

Sonthem  Hassadiusetts. 

Area,  30.18  acres. 


Number 
of  points. 


170 


Egg  dostors. 


1910 


2,074 
14,885 
39.399 
10,743 
11.486 


68,586 


1911 


31,751 
33,082 
47,419 
36,409 
39.319 


167,930 


1912 


39.637 
28,618 
30.345 
28,301 
42.451 


159,352 


1913 


36,147 
9,603 

17,603 
9.763 
8.222 


71,338 


1914 


18.234 
13.223 
31.316 
17.169 
31,065 


111,002 


The  count  of  the  egg  clusters  recorded  under  1910  was  made  in  the 
fall  of  1911  and  covered  all  clusters  which  were  found  to  have  hatched 
and  therefore  helong  to  the  1910  hrood  of  moths.  This  count  was 
more  or  less  inaccurate,  as  many  of  the  egg  clusters  were  removed 
from  the  trees  after  a  year's  exposure  to  the  elements.  The  count 
indicates,  however,  that  there  was  a  large  increase  in  infestation 
between  1910  and  1911,  and  that  in  1912  the  gross  infestation  was 
slightly  reduced.  A  heavy  reduction  occurred  in  1913,  while  in  1914 
a  considerable  increase  was  noted  but  not  nearly  as  great  as  was  the 
case  from  1910  to  1911. 

The  conclusion  which  will  inevitably  be  drawn  from  these  figures 
will  not  apply  to  other  localities  in  the  infested  area.  There  are  many 
locations  where  a  marked  increase  was  noted  in  1913  or  where  a 
marked  decrease  was  noted  in  1914,  but  taking  the  territory  as  a 
whole  it  gives  a  general  idea  of  the  trend  of  increase  or  decrease  for 
the  period  covered. 

Knowing  the  conditions,  one  can  not  fail  to  be  impressed  with  the 
results  that  have  already  become  apparent  from  the  introduction  of 
parasites  and  the  work  of  the  wilt  disease.  Although  the  season  of 
1914  was  not  as  favorable  to  the  natural  enemies  as  was  the  case  in 
1910,  the  proportional  increase  in  the  number  of  egg  clusters  was 
considerably  smaller.  Unfavored  food  plants  have,  of  course,  been 
instrumental  in  holding  down  the  increase  in  some  of  the  points,  but 
the  amoimt  of  infestation  in  points  where  unfavored  food  predom- 
inates has  remained  rather  constant,  so  that  it  has  not  been  as  great 
a  factor  in  the  reduction  noted  as  the  other  elements  just  mentioned. 

Much  careful  work  has  been  required  to  secure  this  data.  For 
about  six  months  in  each  year  upward  of  20  men  have  been  engaged 
in  this  work.  During  the  summer  a  part  of  the  men  made  observa- 
tions on  the  feeding  habits  of  the  gipsy  moth  caterpillars  on  different 
food  plants  in  their  sections.     Observations  on  the  presence  of 
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natural  enemies  were  also  made  and  from  time  to  time  collections  of 
egg  clusters  or  caterpillars  near  the  points  were  obtained  and  sent 
to  the  laboratory  in  order  that  the  percentage  of  parasitism  might  be 
determined.  This  work  should  be  continued  in  order  to  determine 
whether  after  the  natural  enemies  become  firmly  established  the 
outbreaks  of  this  insect  will  be  periodical  over  a  large  territory  or 
whether,  as  is  the  case  at  the  present  time,  the  smaller  colonies  will 
increase  so  that  stripped  areas  yriM  he  found  scattered  over  the  entire 
region. 

DISPERSION   WORK. 

For  the  past  three  or  four  years  considerable  attention  has  been 
paid  to  the  means  by  which  the  gipsy  moth  spreads.  As  the  female 
moth  does  not  fly  it  is  apparent  that  the  dispersion  of  the  species 
must  be  very  slow  unless  it  is  carried  by  other  means.  Egg  clusters 
may  be  transported  on  lumber,  forest  products,  Christmas  trees, 
or  other  material  which  is  Ukely  to  be  shipped  long  distances  from  the 
infested  area.  This  matter  has  been  given  careful  consideration  and 
means  have  been  taken  to  prevent  the  spread  of  the  moth  in  this  way. 
Information  concerning  methods  used  are  given  under  the  quarantine 
part  of  this  report. 

In  the  spring  of  1910  a  number  of  experiments  were  conducted  which 
showed  that  first-stage  gipsy-moth  caterpillars  may  be  carried  by  the 
wind,  and  the  information  secured  at  that  time  has  been  published.* 

Since  this  work  was  carried  on  more  elaborate  experiments  have 
been  conducted  by  Mr.  C.  W.  Collins  and  assistants,  to  obtain  long- 
distance records  on  the  spread  in  this  manner.  A  study  has  also  been 
made  of  the  hkehhood  of  the  insect  being  spread  by  caterpillars  drifting 
in  streams,  or  by  wood  or  other  material  which  is  infested  with  egg 
clusters  floating  in  rivers  and  becoming  lodged  in  territory  which  was 
not  infested.  At  present  wind  spread  seems  to  be  the  chief  natural 
means  by  which  the  insect  becomes  established  in  new  territory. 
The  trend  of  the  spread  is  toward  the  north  and  northeast  on  account 
of  the  fact  that  the  warm  prevailing  winds  before  the  first  of  June, 
when  the  caterpUlai-s  arc  in  the  first  stage,  usually  blow  in  those 
directions.  This  has  resulted  in  a  large  increase  in  the  area  infested 
in  Maine,  and  the  territory  in  that  State  will  probably  continue  to 
extend  as  long  as  large  areas  are  seriously  infested  in  New  Hampshire 
and  Massachusetts.  The  western  spread  of  the  insect  has  probably 
been  greatly  retarded  by  reason  of  the  fact  that  low  temperature, 
causing  the  caterpillars  to  be  inactive,  has  prevailed  when  the 
winds  came  from  the  east  or  northeast.  Heretofore  serious  infesta- 
tion did  not  occur  in  southeastern  Massachusetts  or  Rhode  Island; 
hence  \\dnds  from  the  southeast  were  not  an  important  factor  in 

1  Burgess,  A.  F.    The  dispersion  of  the  gipsy  moth.    U.  S.  Dept.  Agr.,  Bur.  Ent.,  BuL  HO,  02  p.,  1ft 
pi.,  6  fig.,  1  map,  Feb.  11,  1913. 
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causing  spread  into  Connecticut  or  the  area  in  Massachusetts  south 
of  Worcester.  Recently,  however,  the  infestation  has  increased  to 
a  great  extent  in  southeastern  Massachusetts  and  Rhode  Island, 
and  unless  vigorous  means  are  taken  to  abolish  these  sources  of  sup- 
ply, rapid  infestation  of  eastern  Connecticut  and  territory  in  Massa- 
chusetts lying  immediately  north  of  that  State  will  result.  In  fact, 
during  the  past  season  a  large  increase  has  been  found  in  the  western 
tier  of  towns  in  Rhode  Island  and  the  eastern  tier  in  Connecticut. 
In  eastern  Connecticut  the  white  oak,  which  is  one  of  the  most  favored 
food  plants  of  the  gipsy  moth,  is  exceedingly  common  in  the  wood- 
lands, and  the  diflBculty  of  controlling  the  moth  under  these  condi- 
tions is  very  groat. 

A  series  of  experiments  has  been  conducted  to  determine  how  far 
male  moths  will  be  attracted  by  the  females.  The  purpose  is  to  deter- 
mine the  probability  of  scattered  females  being  fertilized  if  they  occur 
at  a  long  distance  from  a  gipsy-moth  colony. 

SECONDARY  INSECT  INVESTIGATIONS. 

In  the  fall  of  1912  large  niimbers  of  oak  trees  in  the  areas  that  had 
been  defoliated  by  the  gipsy  moth  were  found  in  a  dying  condition. 
Examination  showed  that  many  of  the  trees  had  been  attacked  by  a 
bark  borer,  which  proved  to  be  Agrilus  hUinecUvs  Web.  The  matter 
was  taken  up  with  Dr.  A.  D.  Hopkins,  in  charge  of  Forest  Insect 
Investigations  of  the  Bureau  of  Entomology,  and  arrangements  were 
made  for  cooperative  study  of  this  insect.  Dr.  Hopkins  was  to  direct 
the  work,  and  the  salary  and  expenses  of  an  assistant,  Mr.  H.  A.  Pres- 
ton, who  was  to  give  his  entire  time  to  the  work,  were  to  be  paid  by 
this  branch.  Investigations  have  been  carried  on  and  the  life  history 
of  the  insect  worked  out.  It  appears  from  the  information  secured 
that  continuous  work  on  this  project  is  not  necessary,  and  the  coopera- 
tive arrangement  was  discontinued  July  1,  1914.  The  data  relative 
to  the  life  history  and  habits,  as  well  as  control  measures,  is  in  the 
hands  of  Dr.  Hopkins  and  will  doubtless  be  pubUshed  at  an  early  date. 

For  the  information  of  woodland  owners  who  wish  to  preserve  their 
oak  trees  it  can  be  stated  that  all  trees  which  are  in  a  dying  condition  in 
September  should  be  marked  so  that  they  can  be  cut  during  the  winter. 
The  wood  should  be  removed  from  the  lot  and  if  it  can  be  used  for 
fuel  the  hibernating  larvae  will  be  destroyed.  Inasmuch  as  the  oak 
is  very  favored  as  a  food  plant  by  the  caterpillars  of  the  gipsy  moth  and 
as  the  Agrilus  beetles  prefer  to  attack  weakened  trees,  it  would  seem 
rather  difficult  to  preserve  oak  growth  unless  considerable  expense  was 
involved  in  spraying  or  treating  gipsy-moth  egg  clusters  in  order  to 
keep  the  trees  in  a  vigorous  condition.  This  is  impracticable  in  most 
woodlands  in  the  infested  area.  Park  or  ornamental  trees  can  be 
handled  in  this  way  and  the  cost  is  not  prohibitive. 
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RESULTS  OF  EXPERIMENTAL  WORK. 

Many  of  the  experimental  projects  which  have  been  undertaken  are 
nearing  completion  and  detailed  reports  will  be  published  later. 

The  information  on  food  plants  will  now  form  a  definite  basis  for 
practical  work,  and  as  has  been  brought  out  by  the  observaticms  in 
Europe  on  both  parasites  and  food-plant  conditions,  it  will  be  neces- 
sary to  bring  about  in  our  forests  a  great  reduction  of  the  favored  food 
plants  of  the  gipsy  moth  before  natural  enemies  can  be  expected  to 
keep  this  insect  within  reasonable  bounds. 

The  parasites  and  wilt  disease,  as  has  already  been  shown,  are  doing 
effective  work,  but  the  results  would  be  greatly  amplified  by  eliminatr 
ing  favored  food  plants. 

The  study  of  the  increase  of  the  moth  in  the  field  furnishes  valuable 
data  on  all  phases  of  the  forest  control  problem,  while  the  work  on 
dispersion  is  of  special  value  in  connection  with  the  field  control  work 
which  is  being  carried  on. 

Secondary  insects  are  important  inasmuch  as  they  may  prevent  the 
recovery  of  many  trees  which  have  been  defohated  and  which  would, 
under  normal  conditions,  gradually  recover. 

SILVICULTURAL  WORK. 

During  the  time  the  gipsy  moth  has  been  known  to  exist  in  this 
country  it  has  done  an  inamense  amount  of  damage  to  tree  growth  of 
the  infested  region.  The  injury  has  caused  the  death  of  many  of  the 
trees  attacked  or  the  retardation  of  their  growth  and  development, 
and  has  produced  conditions  favorable  to  the  increase  of  secondary 
enemies.  The  tree  growth  affected  may  be  divided  into  three  dasses, 
(1)  fruit  trees,  (2)  shade  or  ornamental  trees,  and  (3)  forest  trees. 
All  have  suffered  severely,  but  owing  to  their  greater  value  and 
relatively  smaller  numbers  it  has  been  possible  to  prevent  a  large 
amount  of  the  injury  by  applying  hand  methods  of  suppression  to 
fruit  and  shade  trees.  Gipsy-moth  damage  to  forest  trees,  however, 
can  not  be  controlled  in  the  same  way  owing  to  the  great  exp^[iso 
involved,  hence  the  problem  of  preventing  damage  in  woodlands  is  si 
serious  one.  In  some  European  countries  this  has  been  solved  to  2^ 
considerable  extent  by  growing  species  which  are  not  so  susceptible 
to  gipsy-moth  attack.  The  investigations  on  the  food  plants  and 
feeding  habits  of  the  gipsy  moth  indicate  that  the  work  of  eliniinating 
the  most  susceptible  and  encouraging  the  growth  of  those  that  arc 
not  favored  as  food  by  this  insect  is  likely  to  give  good  results.  As 
this  work  involves,  to  a  considerable  extent,  the  practice  of  silvicul 
ture,  the  Bureau  of  Entomology  requested  and  received  the  coopera- 
tive assistance  of  the  Forest  Service,  and  these  two  branches  of  th« 
Department  of  Agriculture  are  now  working  together  on  this  problem| 
Mr.  Greorge  E.  Clement,  who  was  formerly  an  assistant  in  the  Foresi 
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Service,  has  been  appointed  to  take  charge  of  the  mvestigations  along 
this  line.  The  table  given  under  the  *' food-plant  experiments"  indi- 
cates in  a  general  way  the  degree  of  susceptibility  to  moth  attack  of 
some  of  our  more  common  forest  trees.  Certain  species,  however, 
jffe  of  little  commercial  value,  and  it  is  desired  to  discourage  their 
growth,  as  well  as  those  that  are  particularly  susceptible  to  gipsy- 
moth  attack.  In  the  case  of  valuable  species  that  are  susceptible  to 
attack  and  for  the  growth  of  which  a  large  portion  of  the  infested  region 
is  favorable,  the  only  step  which  can  be  taken  is  to  determine  whether 
or  not  they  can  be  sufficiently  protected  from  serious  damage  by 
associating  with  the  less  susceptible  species  in  small  proportions.  Of 
course,  the  presence  of  these  species  may  jeopardize  the  safety  of  the 
associated  species  which  would  otherwise  be  immune.  However, 
before  abandoning  these  species  careful  experiments  will  be  made  to 
determine  whether  there  are  associations  with  which  they  can  join  with 
safety. 

The  chief  fact  that  reduces  the  Uabihty  of  certain  species  of  trees, 
particidarly  conifers,  to  gipsy-moth  attack  is  that  the  very  young  cater- 
pillars do  not  feed  upon  them.  Therefore,  if  there  are  present  no  trees 
or  undergrowth  upon  which  the  young  caterpillars  will  feed  and  thereby 
develop  to  a  size  which  enables  them  to  attack  conifers  or  similarly 
susceptible  species,  they  will  not  be  attacked.  Thus  it  appears  that 
certain  species  can  be  grown  pure  or  in  exclusive  association  and  be 
free  from  gipsy-moth  attack.  Any  system  of  forest  management 
should  endeavor  to  produce  in  a  given  area  only  trees  of  commercial 
value,  and  the  foregoing  lists  (pp.  14-15)  indicate  the  most  suitable 
species  for  selection. 

In  converting  a  given  stand  of  timber  into  one  which  shall  be  im- 
mune from  gipsy-moth  attack,  the  different  classes  of  trees  should  be 
considered  for  removal  in  the  following  order: 

(1)  Trees  of  natiu*ally  low  commercial  value  and  susceptible  to 
gipsy-moth  attack. 

(2)  Trees  of  low  commercial  value  on  account  of  growing  in  tm- 
favorable  situations  and  susceptible  to  gipsy-moth  attack. 

(3)  Trees  of  commercial  value,  favorably  situated,  and  subject  to 
gipsy-moth  attack. 

(4)  Trees  of  naturally  low  commercial  value,  but  not  Uable  to 
gipsy-moth  attack  if  properly  associated. 

(5)  Trees  of  low  commercial  value  on  account  of  growing  in  un- 
favorable situations  and  not  liable  to  gipsy-moth  attack. 

(6)  Trees  of  commercial  value  favorably  situated  and  not  hable 
to  gipsy-moth  attack. 

Silvicultural  conditions  in  the  woods  of  the  infested  region  are  very 
poor.  Throtigh  repeated  fires  and  heavy  and  inconsiderate  cutting, 
the  growth  of  weed  trees  has  been  greatly  favored  and  the  growth  of 
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some  species  has  been  favored  in  situations  quite  unsuited  to  their 
requirements.  This  is  particularly  true  in  the  case  of  the  oaks  and 
gray  birch.  These  species  constitute  a  very  large  proportion  of  the 
deciduous  growth  of  the  region  and  are  very  susceptible  to  gipsy- 
moth  attack.  On  a  great  deal  of  the  area  now  covered  by  these 
species  the  white  pine  would  grow  to  much  better  advantage,  would 
yield  a  much  more  valuable  product,  and  if  pure,  or  nearly  so,  would 
prove  immune  to  gipsy-moth  attack.  The  white  pine  reproduces 
itself  readily  imder  favorable  conditions,  and  is  already  fwrly 
abtmdant  in  numerous  locaUties.  For  these  reasons  the  white  pine 
recommends  itself  very  strongly  as  a  substitute  for  the  existing  moth- 
susceptible  species,  and  this  species  has  been  considered  to  a  very 
large  extent  by  this  department  in  its  experiments  to  create  a  safe 
stand  of  timber.  The  deciduous  species  which  are  of  value  and  im- 
mune to  gipsy-moth  attack  require  most  favorable  situations  for 
their  profitable  development,  and  such  situations  are  very  few  and  of 
small  area.  An  exception  in  the  case  of  chestnut  may  be  made  in 
this  connection.  This  is  a  valuable  tree  and  one  well  suited  to  grow 
over  a  considerable  area.  Its  growth  is  not  recommended  on  account 
of  its  susceptibiUty  to  the  widespread  and  fatal  chestnut  blight.  But, 
hke  the  red  oak,  it  may  be  found  possible  to  grow  it  satisfactorily  in 
small  numbers  with  other  species. 

EXPERIMENTAL  WORK. 

The  experimental  work  has  been  conducted  by  means  of  small 
areas  known  as  ''sample  plats."  These  vary  in  size  from  one-half 
an  acre  to  6  acres  and  occm*  both  scattered  and  grouped  in  different 
parts  of  the  infested  region.  They  are  necessarily  located  on  the 
lands  of  private  owners  who  are  willing  to  submit  their  lands  t«  this 
use. 

An  effort  has  been  made  to  distribute  this  work  as  widely  as  pos- 
sible over  the  infested  region.  (PL  IX.)  In  this  way  the  greatest 
variety  of  conditions  is  encoimtered  and  the  results  are  available  to 
the  greatest  number  of  woodland  owners.  Each  sample  plat  varies 
from  another  in  one  or  more  of  the  following  points:  Composition  o^ 
stand,  age  of  stand,  degree  of  infestation,  and  method  of  treatmentJ 
Each  sample  plot  generally  consists  of  two  parts.  One  of  these  id 
the  portion  upon  which  actual  experimental  work  is  done  and  thd 
other  serves  as  a  control  or  check  plat.  Upon  the  latter  nothing 
whatever  is  done,  as  its  purpose  is  to  provide  a  means  of  comparing 
results  under  natural  and  artificial  conditions.  The  comers  an^ 
boundaries  of  aU  plats  have  been  plainly  marked,  and  the  area^ 
surveyed  and  mapped.  All  trees  1  inch  and  over  in  diameter  hav« 
been  caUpered  on  each  plat  and  control,  and  the  measurements 
recorded.     Forest  descriptions  of  each  plat  have  been  written. 
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Wliere  small  white  pines  have  occurred  in  any  quantity  they  have 
been  counted  and  the  numbers  have  been  recorded  by  foot-height 
classes.  The  best  available  indication  of  the  degree  of  gipsy-moth 
infestation  seems  to  be  the  niunber  of  egg  clusters,  and  for  this 
reason  the  egg  clusters  have  been  coimted  on  each  plat.  Egg 
dusters  will  be  counted  periodically  in  the  future  in  order  to  determine 
the  effect  of  treatment  upon  the  infestations. 

After  the  foregoing  steps  have  been  taken,  the  growth  on  each  of  the 
managed  areas  has  been  thinned.  Different  silvicultural  systems  have 
been  used,  but  in  general  the  object  has  been  to  remove  the  greatest 
number  of  susceptible  trees  consistent  with  the  silvicultural  require- 
ments of  the  trees  to  be  left.  In  some  cases  the  bulk  of  the  stands 
consisted  of  susceptible  species,  and  in  these  the  thinning  made  was 
preliminary  to  a  later  clear  cutting. 

After  cutting,  the  number  of  trees  of  different  diameters  and  species 
have  been  coimted  and  recorded,  the  amounts  of  products  have  been 
measured  and  recorded,  brush  has  been  piled  and  burned,  careful 
notes  of  the  changed  conditions  have  been  made,  and  an  effort  has 
been  made  to  compute  the  cost  of  the  work  and  the  value  of  the  prod- 
ucts on  each  plat.     In  some  cases  numbers  of  small  naturally  pro- 
duced white  pine  have  been  supplemented  with  planted  2-year-old 
seedlings  from  the  nursery.     In  cases  where  plantings  were  made  the 
cost  of  the  seedlings  and  the  planting  was  borne  by  the  owner  of  the 
woodland.     In  addition  to  the  sample  plats  already  mentioned,  one 
10-acre  tract  has  been  selected  in  each  of  the  following  towns  in  New 
Hampshire:  Peterboro,  Franklin,  Warner,  and  New  Durham.     The 
growth  on  all  these  plats  is  largely  inferior  hardwoods  which  are  par- 
ticularly liable  to  gipsy-moth  attack.     The  infestation  in  each  case 
is  not  heavy.     As  there  is  more  or  less  white  pine  growing  among  the 
hardwoods  the  plan  is  to  cut  the  latter  clean  and  to  replace  these 
trees  by  planting  enough  white  pine  to  produce  a  stand  which  will  be 
free  from  gipsy-moth  damage.     The  results  of  these  experiments  will 
not  be  available  for  several  years,  and  during  this  period  careful  notes 
on  conditions  will  be  made. 

MmOLESEX  COUNTY  FOREST  SURVEY. 

In  order  to  get  some  definite  information  concerning  the  distribu- 
tion of  the  various  kinds  of  timber  stands  in  the  region,  a  rough  forest 
map  of  the  county  of  Middlesex  in  Massachusetts  has  been  made. 
This  work  has  shown  that  the  forest  growth  is  very  uneven  and  com- 
plex, and  that  there  is  a  wide  variation  in  the  composition  of  stands 
within  relatively  small  areas.  The  existing  growth  of  trees  on  any 
area  indicates  very  infrequently  the  growth  for  which  the  conditions 
on  the  area  are  best  suited.  From  data  secured  by  this  survey  and 
observations  made  througthout  the  infested  region,  the  crying  silvi- 
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cultural  need  of  the  woods  is  obviously  a  great  reduction  of 
diversity  and  the  replacement  of  a  large  portion  of  the  speci( 
those  which  have  a  greater  commercial  value,  and  for  which  the 
ditions  for  growth  are  much  better  adapted.  The  steps  need 
accomplish  this  are  in  many  instances  precisely  those  which  a 
to  be  necessary  in  controlling  gipsy-moth  attack  by  silvicu 
practice. 

PROPOSED  FOREST  EZ^BRIMENT. 

In  order  to  determine  the  practicability  of  carrying  on  an  es 
ment  over  a  large  area  preliminary  surveys  have  been  made  o 
forest  growth  in  the  town  of  Winchendon,  Mass.  This  work  has 
attempted  in  cooperation  with  the  State  forester  of  Massaehu 
Mr.  F.  W.  Rane.  The  original  growth  in  this  town  was  undoub 
coniferous,  but  there  has  been  considerable  cutting  and  as  a  ] 
hardwood  growth  of  various  species  has  become  established, 
does  not  predominate,  however,  in  this  region  and  it  is  hoped 
BuflBcient  cooperation  can  be  secured  from  the  woodland  ownc 
the  town  to  handle  the  forest  area  so  as  to  bring  it  into  a  gr 
which  will  not  be  susceptible  to  gipsy-moth  attack.  The  prelimi 
survey  has  been  completed  and  the  data  are  now  being  compiled 
a  view  to  determining  whether  a  plan  of  this  sort  can  be  worke< 
on  an  extensive  area. 

SCOUTING  WORK. 

The  scouting  work  consists  in  examining  the  territory  alonj 
outside  border  of  infestation,  and  in  treating  the  gipsy-moth  coh 
adjacent  to  the  border  for  the  purpose  of  preventing  spread  ol 
insects  to  other  parts  of  the  United  States.     This  work  is  in  cfa 
of  Mr.  L.  H.  Worthley,  who  is  assisted  by  Mr.  H.  L.  Mclntyre. 
territory  is  divided  into  six  sections  with  the  following  men  in  ch 
of  a  section:  Mr.  D.  G.  Murphy,  Worcester,  Mass.,  H.  A.  Ames,  Ai 
Mass.,  H.  N.  Bean,  Keene,  N.  H.,  F.  W.  Graves,  jr.,  Bradford,  N 
F.  W.  Foster,  Plymouth,  N.  H.,  and  C.  E.  Totman,  Canaan,  Nj 
Parties  consisting  of  five  trained  scouts  in  charge  of  a  foreman 
'  detailed  to  make  the  examinations  and  treat  the  infestations,  4 
general  foreman  having  from  5  to  10  crews  of  scouts  under  his  sul 
vision.     In  order  to  check  up  the  thoroughness  with  which  the  yi 
is  done  in  the  lightly  infested  territory,  a  party,  usually  consistiii| 
two  experienced  men  who  are  known  as  special  scouts,  examines! 
work  after  the  regular  inspection  has  been  made  in  order  to: 
whether  egg  clusters  of  the  moth  have  been  missed  and  that! 
work  was  thoroughly  done  by  the  scouts.     Each  scout  is  require! 
place  a  characteristic  mark  on  every  tree  examined  by  him  so  % 
the  responsibihty  for  leaving  egg  clusters  can  be  readily  determiil 
By  following  up  this  plan  the  force  is  maintained  at  a  high  degrel 
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efficiency,  the  careless  and  negligent  men  being  dropped  from  the 
roDs.  When  large  colonies  are  foxmd  crews  of  woodchoppers  are 
employed  temporarily  to  cut  out  the  worthless  trees  and  clean  up  the 
undergrowth  in  order  to  render  the  area  in  condition  for  effective 
operations. 

The  accompanying  map  (PL  X)  shows  the  territory  which  waa 
known  to  be  infested  by  the  gipsy  moth  in  the  fall  of  1913.  In  organ- 
izing the  work  a  large  party  of  scouts  was  sent  to  Maine  for  the  pur- 
pose of  determining  whether  the  infestation  had  spread  beyond  this 
line.  The  results  of  the  examination  show  that  a  large  number  of 
towns  are  infested  outside  the  border  previously  established.  The 
work  was  continued  until  late  in  December,  when  it  was  necessary  to 
transfer  the  men  on  account  of  deep  snow  and  extremely  cold  weather, 
the  temperature  for  a  niunber  of  days  being  as  low  as  20°  to  25^ 
below  zero.  In  all,  155  towns  were  scouted  in  Maine,  and  of  these  81 
were  found  infested.  The  increase  in  the  niunber  of  towns  over  that 
of  previous  years  is  largely  explained  by  the  fact  that  during  the 
winter  of  1912-13  the  scouting  work  was  not  completed  on  account 
of  snow  and  also  because  of  the  imdoubted  dissemination  of  the  moth 
by  means  of  the  spread  of  the  small  caterpillars  by  the  wind.  The 
manner  of  this  kind  of  spread  has  already  been  explained  in  this 
report.  Suffice  it  to  say,  the  general  trend  of  dispersion  of  this  insect 
has  been  toward  the  north  and  northeast  on  account  of  the  fact  that 
the  prevailing  warm  winds  during  the  time  the  caterpillars  are 
hatching  blow  from  the  south  and  southwesterly  directions.  The  work 
was  continued  from  January  until  April  in  New  Hampshire,  Massa- 
chusetts, Rhode  Island,  and  Connecticut. 

On  February  3,  1914,  a  report  was  received  that  several  gipsy-moth 
egg  clusters  had  been  found  on  an  estate  at  Bratenahl,  Ohio,  a  suburb 
of  Cleveland.  The  matter  was  at  once  investigated  and  two  experi- 
enced scouts  were  detailed  to  make  an  examination  of  the  estate  and 
the  surroundings.  At  the  time  the  work  was  done  there  was  con- 
siderable snow  on  the  ground,  making  inspection  work  difficult. 
Seven  new  egg  clusters  were  foxmd  and  treated  and  later  in  the  season 
the  colony  was  burlapped  and  the  trees  sprayed.  The  work  in  Ohio 
was  done  in  close  cooperation  with  the  Ohio  Agricultural  Conunis- 
sion,  and  work  in  the  colony  since  the  original  scouting  was  done  has 
been  carried  on  by  the  assistants  of  Mr.  N.  E.  Shaw,  State  nursery  and 
orchard  inspector. 

On  May  7,  1914,  a  report  was  received  from  Mr.  George  G.  Atwood, 
chief  of  the  division  of  horticultiure  of  the  State  of  New  York,  that  a 
gipsy-moth  colony  had  been  found  at  North  Castle,  Westchester 
County,  N.  Y.  Inspectors  from  this  office  were  detailed  to  treat  egg 
clusters,  and  several  experienced  scouts  were  transferred  to  assist  in 
stamping  out  this  colony.  The  principal  uifestation  occurred  on  a 
j  large  estate,  and  the  caterpillars  began  hatching  soon  after  the  first 
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egg  clusters  were  found.  A  considerable  area  was  scouted  around  the 
infestation,  and  egg  clusters  or  caterpillars  were  f oimd  over  an  area  of 
about  three-fourths  of  a  square  mile.  Many  of  the  trees  were  growing 
on  rough  and  rocky  soil,  so  that  it  was  very  diflScult  to  do  thorough 
work.    About  1 5,000  egg  clusters  were  treated  during  the  month  of  May. 

In  addition  to  the  scouting  work  already  mentioned,  a  special 
examination  was  made  of  the  entire  town  of  Geneva,  N.  Y.,  but  no 
gipsy-moth  egg  clusters  were  foimd.  In  1912  a  small  colony  was 
foimd  in  this  city.  It  has  been  very  thoroughly  treated  by  the 
assistants  of  the  commissioner  of  agriculture,  and  it  is  now  believed 
that  the  insect  has  been  exterminated.  The  scouting  party  detailed 
for  the  Geneva  work  spent  one  week  in  examining  trees  in  Seneca 
iPark,  Rochester,  N.  Y.,  but  no  traces  of  the  moth  could  be  found. 

Special  scouting  work  was  carried  on  in  the  towns  of  Lenox,  Stock- 
bridge,  and  Great  Barrington,  Mass.,  during  the  winter.  Infestations 
have  previously  been  foimd  in  these  towns,  but  the  examination 
resulted  in  finding  but  one  egg  cluster  in  Great  BarringtoA,  one  in 
Stockbridge,  and  two  in  Lenox,  indicating  that  good  results  have  hem 
seciufed  from  the  treatment  which  had  been  appUed  during  the  pre- 
vious season.  A  careful  inspection  was  also  made  in  the  town  of 
Wallingford,  Conn.,  which  was-found  infested  some  years  ago,  but  no 
egg  clusters  were  discovered. 

The  following  table  shows  the  number  of  towns  which  have  been 
scouted  for  the  gipsy  moth  and  the  number  of  new  towns  whidi 
Were  found  infested  during  the  winter  of  1913-14. 

Table  IV. — Scouting  operations  for  the  gipsy  moth  during  the  winter  of  191S-li. 


State. 

Towns 
scouted. 

Newly 
infested. 

Maine 

New  Hampshire 

Massadiusetts 

Rhode  Island 

Connecticut 

155 
73 
3d 
19 
13 
3 
1 

81 
6 
7 
17 
10 
1 
1 

New  York.... 

Ohio 

In  nine  towns  in  New  Hampshire  and  two  in  Massachusetts,  infested 
in  1912-13,  no  infestations  could  be  foimd  the  following  winter,  and 
recommendations  were  made  that  these  towns  be  excluded  from  the 
quarantined  area.  This  was  approved  by  the  Federal  Horticultural 
Board,  and  the  border  towns  of  the  area  quarantined  for  the  gip^y 
moth  include  only  those  that  have  been  foimd  infested  during  the 
past  winter. 

The  plan  of  the  work  has  been  to  examine  the  territory  in  Maine 
chiefly  for  the  purpose  of  securing  data  as  to  where  the  quarantine 
line  should  extend.  It  is  impossible  to  prevent  the  spread  of  thi 
small  caterpillars  by  the  wind,  and  it  has  therefore  been  deemed 
advisable  to  confine  the  clearing-up  work  along  the  border  to  the  ter- 
ritory in  New  Hampshire,  Massachusetts,  Rhode  Island,  and  Connec 
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ticut.  Accordingly  early  in  the  spring  arrangements  were  made  to 
place  tanglefoot  bands  on  trees  in  aU  the  colonies  about  three  towns 
wide  along  the  border  and  from  the  time  this  work  began  the  greater 
part  of  the  scouting  force  was  transferred  to  the  work  of  applying 
and  patrolling  these  bands. 

In  the  colony  in  Westchester  County,  N.  Y.,  6,000  tanglefoot  and 
4,000  burlap  bands  were  applied  by  the  inspectors  of  the  State  depart- 
ment of  agriculture.  The  State  purchased  a  high-power  spraying 
machine  and  very  thoroughly  sprayed  the  infested  area  and  surround- 
ii^.  The  colony  in  Ohio  was  similarly  treated  by  the  State  officials, 
and  in  botii  pases  excellent  results  have  been  secured.  This  office  has 
kept  in  constant  touch  with  the  work  in  these  States  and  has  also  had 
a  representative  directing  the  work  in  the  Berkshire  Hills  infestations 
in  Great  Barrington,  Stockbridge,  and  Lenox. 

Inasmuch  as  many  of  the  new  infestations  were  found  on  apple 
trees  during  the  winter,  a  record  has  been  kept  of  all  such  trees 
inspected  and  of  the  number  of  miles  of  roads  scouted  by  the  men. 
This  information  is  given  in  the  following  table: 

Table  V. — RestUts  of  scouting  operations  for  the  gipsy  moth. 


State. 

scouted. 

Colonies 
found. 

Egg  dus- 
ters found. 

Apple  trees 
Inspected. 

MUesof 

roadtrav* 

eled. 

Tan^efoot 
bands  ap- 
plied. 

ITi^inA 

155 
73 
36 
19 
13 

764,081 
1,354,908 
484,731 
232.190 
332,036 

4,768 
4,334 
2,553 

987 
884 

New  HiimpR>»*»^. 

1,656 

794 

1309 

1157 

25,427 

11,987 

1207 

1124 

68.336 

if  fKm»rh»!<AttJi. ... 

58,315 

Khode  Mftnd . . 

5.324 

4,767 

Totfll                           

296 

2,916 

37,745 

3,167,946 

13,526 

136,742 

1  In  a  number  of  these  colonies  pupa  cases  only  were  found. 

The  following  conditions  found  in  1913  and  in  1914  are  of  interest. 
In  New  Hampshire  no  egg  clusters  were  found  in  198  of  the  colonies 
that  had  been  treated  during  the  previous  years,  and  in  641  of  the 
1,656  colonies  foimd  in  the  winter  of  1913  no  larvae  were  found  in  the 
spring  of  1914.  In  Massachusetts  no  egg  clusters  were  found  in  68 
of  the  colonies  that  were  treated  during  the  winter  of  1912-13,  and  in 
124  of  the  794  colonies  located  in  the  fall  of  1913  no  larvae  were  found 
in  the  spring  of  1914.  In  Rhode  Island  276  of  the  309  colonies  found 
and  treated  in  the  fall  of  1913  failed  to  produce  larvce  in  the  spring  of 
1914.  In  Connecticut  136  of  the  157  colonies  treated  in  1913  failed 
to  produce  larvae  the  following  spring. 

During  the  siunmer  of  1914  woodland  scouting  was  carried  on  in 
Thompson,  Conn.,  and  Rutland,  Mass.  The  former  town  is  heavily 
wooded  and  is  reported  to  contain  about  30,000  acres  of  forest,  a  con- 
siderable part  of  which  is  oak  growth.  As  a  result  of  the  examina- 
tion of  the  woodland  in  this  town  73  gipsy-moth  colonies  were  discov- 
ered. All  of  them  were  small  infestations,  indicating  that  the  species 
is  established  and  is  well  scattered  through  the  woodland. 
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GENERAL  RESULTS  SHOWN  BY  SCOUTING  WORK. 

The  scouting  work  for  the  season  has  shown  very  encourag 
results.  In  addition  to  the  large  number  of  towns  along  the  outs 
border  where  the  infestation  has  been  greatly  reduced  or  where  it 
been  cleaned  out  during  the  past  year,  an  excellent  showing  has  b 
made  in  a  number  of  badly  infested  towns  in  Massachusetts  and  J 
Hampshire  which  are  just  inside  the  border.  In  a  large  numb« 
these  towns  which  were  found  severely  infested  in  the  winter 
1912-13,  a  large  decrease  in  the  number  of  egg  clusters  has  been  foi 
this  year.  In  the  town  of  Bradford,  N.  H.,  where  over  3,000 , 
clusters  were  treated  during  the  former  year,  only  200  were  found  i 
season.  In  HiUsboro  the  records  show  a  reduction  of  from  8,00( 
500,  although  the  number  of  small  colonies,  many  containing  a  sii 
egg  cluster,  has  increased.  In  Henniker  and  Warner,  N.  H.,  a  la 
decrease  has  also  been  noted  and  the  same  is  generally  true  in 
border  towns  where  work  is  being  carried  on. 

The  work  on  the  tanglefoot  bands  diuing  the  entire  season  g 
very  gratifying  results,  and  a  very  large  number  of  the  colonies  wl 
caterpillars  were  present  early  in  the  season  showed  no  caterpil 
or  pupae  at  the  close  of  the  work  on  tanglefoot  bands  on  Angus 
Only  a  few  caterpillars  were  foimd  in  the  western  part  of  the  arei 
New  Hampshire,  Rhode  Island,  and  Connecticut. 

No  caterpillars  were  foimd  in  Lenox,  Stockbridge,  or  Great 
rington,  Mass.  About  400  yards  from  the  old  infested  area  in 
latter  town  43  egg  clusters  were  found  in  a  rock  heap  during  the  cai 
pillar  season  which,  of  course,  was  under  the  snow  when  scouti 
work  was  done.  Some  very  thorough  work  was  done  at  this  infe^ 
tion,  and  only  one  pupa  was  found  this  season.  Of  course  ther4 
danger  of  some  spread  from  it,  and  during  the  coining  season  sd 
very  thorough  scouting  will  be  done  in  this  vicinity.  i 

No  caterpillars  were  found  at  Wallingford,  Conn.,  this  season.    ; 

In  the  badly  infested  woodland  colony  in  Orange,  Mass.,  "wh 
some  1,000  egg  clusters  were  located,  there  were  but  1,182  la^ 
found  during  the  summer. 

The  spraying  work  during  the  summer  gave  very  satisfact4 
results,  treatment  being  appUed  in  border  towns  from  Hubbardst 
Mass.,  as  far  north  as  Andover,  N.  H.  Many  of  the  localities  "wH 
spraying  was  applied  were  difficult  to  reach  on  account  of  be 
inaccessible  from  roads  or  water  supply,  but  owing  to  the  careful  pit 
made  by  the  foremen  the  work  was  not  greatly  handicapped  on  t 
account.  In  a  number  of  cases  the  owners  of  the  areas  which  ^w 
infested  offered  every  cooperation  possible  in  facihtating  treatmc 
A  few  cases  have  been  found,  however,  where  spraying  could  not 
attempted  on  accoimt  of  the  unwillingness  of  the  owners  to  have  t^l 
pasture  trees  treated  because  the  grass  was  needed  for  grazing  stxi 
In  instances  of  this  sort  the  infestations  were  cared  for  by  creosol 
egg  clusters  and  destroying  the  caterpillars  imder  tanglefoot  bands 
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BBOWN-TAIL  MOTH  SCOUTING. 

The  spread  of  the  brown-tail  moth  is  not  easily  controlled  by  arti- 
ficial means  unless  the  insect  can  be  reduced  to  minimum  numbers. 
Owing  to  the  large  territory  over  which  the  insect  has  spread,  it  is 
not  possible  to  carry  on  extensive  scouting  or  control  work  by  the 
use  of  hand-suppressive  measures.  During  the  year  a  considerable 
area,  however,  has  been  examined  in  Maine,  New  Hampshire,  Ver- 
mont, Massachusetts^  Connecticut,  and  New  York,  and  areas  have 
been  found  infested  where  the  insect  was  not  known  previously  to 
exist.  The  work  of  the  commissioner  of  agriculture  of  Vermont  and 
his  assistants  has  been  very  effective  in  reducing  the  infestation  in 
that  State.  The  principal  new  infestations  were  found  in  Connec- 
ticut, and  a  greater  part  of  these  were  located  by  the  assistants  of 
the  State  entomologist.  Several  webs  have  also  been  found  on 
Fishers  Island  and  Long  Island,  N.  Y.,  so  that,  in  all,  four  towns  on 
these  islands  are  known  to  be  infested.  The  New  York  infestations 
were  discovered  by  the  inspectors  employed  by  the  State  department 
of  agriculture,  and  several  scouts  from  this  office  were  sent  late  in 
the  spring  to  check  up  the  wo^k  and  cover  a  part  of  the  area 
concerned. 

QUARANTINE  WORK. 

The  quarantine  work  is  supervised  by  Mr.  D.  M.  Rogers,  who  is 
assisted  by  Mr.  Harry  W.  Vinton,  and  the  operations  are  confined 
to  the  territory  in  New  England  and  New  York  which  is  infested 
by  the  gipsy  moth  and  the  brown-tail  moth.  As  a  result  of  the 
provision  of  the  Federal  plant  quarantine  act,  which  was  passed 
by  Congress  August  20,  1912,  a  domestic  quarantine '  has  been 
declared  by  the  Federal  Horticultural  Board,  covering  the  territory 
infested  by  each  of  these  insects.  While  the  legal  authority  for 
declaring  quarantine  is  vested  in  the  board,  the  cost  of  adminis- 
tering the  work  is  defrayed  by  the  appropriation  for  the  Bureau 
of  Entomology  for  ''Preventing  the  spread  of  moths."  The  object 
of  this  work  is  to  prevent  egg  clusters  or  larvae  of  the  gipsy  moth, 
or  winter  webs  of  the  brown-tail  moth,  from  being  carried  out  of 
the  infested  areas  on  shipments  of  trees  or  forest  products.  The 
regulations  for  enforcing  this  quarantine  provide  that  all  material  of 
this  character  before  being  accepted  for  shipment  to  points  outside 
the  infested  district  must  be  inspected  and  must  be  accompanied 
with  an  official  certificate  of  the  Federal  Horticultural  Board  stating 
that  an  examination  has  been  made  and  that  the  material  is  free 
from  infestation.  Shipment  of  Christmas  trees  and  similar  material 
to  points  outside  the  quarantined  area  is  prohibited.  In  order  to 
faciUtate  the  work,  the  infested  territory  has  been  divided  into  22 
sections  and  a  competent  inspector  has  been  placed  in  charge  of 

1  Fer  details,  see  Notice  of  Qmrantine  No.  17,  of  the  Federal  Horticultural  Board,  effective  Aug.  1, 1914. 


Digitized  by 


Google 


30 


BULLETIN  204,   U.   S.   DEPARTMENT  OF   AGRICULTURE. 


each.  (PL  XI.)  It  is  the  duty  of  each  mspector  carefully  to  examine 
all  lumber  or  forest  products,  cordwood,  telephone  poles,  railroad 
ties,  tau  bark,  etc.,  which  may  be  shipped  from  any  points  in  his 
district  to  points  outside  the  infested  area  after  the  proper  application 
has  been  made  and  to  issue  certificates  of  inspection  if  no  infestation 
is  found.  In  accordance  with  the  provisions  of  the  quarantine 
regulations,  transportation  companies  are  required  to  reject  ship- 
ments which  are  not  accompanied  with  proper  certificates.  During 
the  season  when  nursery  stock  is  being  movfed,  examinations  are 
made  of  all  woody  plants  which  are  consigned  to  points  outside  the 
quarantined  area.  A  number  of  special  inspectors  are  employed  for 
this  purpose  in  addition  to  the  men  engaged  on  the  regular  lumber- 
inspection  work.  In  order  that  this  work  may  be  of  the  most  thor- 
ough character  so  as  to  safeguard  purchasers  in  other  parts  of  the 
United  States,  a  tree-by-tree  inspection  is  made  of  all  trees  and 
plants  growing  in  the  nurseries  before  they  are  dug  for  shipment. 
Another  inspection  of  the  plants  is  made  at  the  time  they  are  being 
packed  for  shipment.  During  the  fiscal  year  1914,  17,076  shipments 
have  been  examined  and  4,476  specimens  of  the  gipsy  moth  and 
1,435  specimens  of  the  brown- tail  moth  in  their  various  stages  have 
been  found  and  the  insects  destroyed.  This  has  resulted  in  preventing 
these  pests  from  spreading  to  many  localities  not  now  infested.  The 
destinations  of  these  shipments  ranged  as  far  south  as  Jacksonville, 
Fla.,  as  far  west  as  Prineville,  Oreg.,  and  as  far  north  as  Montreal, 
Quebec. 

The  destination  of  shipments  on  which  infestations  were  found 
and  destroyed  are  given  below: 


Nomber  of 
State.  shipments. 

Colorado 1 

Coimecticut 25 

District  of  Columbia 1 

Florida 3 

Georgia 1 

niinois. 14 

Iowa 1 

Maryland 2 

Massachusetts 24 


Number  of 
State.  shipments. 

Maine 12 

Michigan 4 

Missouri 5 

New  Hampshire 7 

NewJersey 11 

NewYork 34 

North  Carolina 1 

Ohio 12 

Oregon 1 


Number  o( 
State.  shipments. 

Pennsylvania. 10 

South  Carolina. 1 

Vermont 3S 

Virginia a 

Canada i 

England 1 

214 


BROWN.TAIL  MOTH   QUARANTINE. 

The  enforcement  of  the  brown-tail  moth  quarantine  is  conducted  in 
connection  with  the  inspections  carried  on  to  determine  whether  ship- 
ments are  infested  with  the  gipsy  moth.  It  is  not  necessary,  howevCT, 
to  inspect  Imnber  for  this  purpose.  Deciduous  nursery  stock  is 
examined  and  aU  webs  of  the  moth  destroyed  before  shipments  are 
permitted.  In  order  to  prevent  as  far  as  possible  the  carriage  of  the 
adult  female  moths  on  trains,  inspectors  have  been  placed  at  several 
main  railroad  junctions  along  the  border  of  infestations  to  examiBe 
the  trains  during  the  time  the  moths  are  flying.  These  insects  are 
strongly  attracted  to  bright  light  and  the  results  which  have  been 
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secured  from  these  inspections  have  been  very  satisfactory.  The 
inspection  work  in  1914  b^an  on  July  6  and  was  continued  until 
July  31. 

The  stations  where  trains  were  examined  and  the  number  of  adulta 
found  are  given  below: 


station. 
BeDows  Falls,  Vt... 

Greenfield,  Mass 

Gorham,N.H 

Hartford,  Conn 

New  London, Conn., 


Brown-tafl 
moths  found. 

1ft 

• 

ft 

0 

7 


Brown-tail 
Station.  moths  found. 

North  Stratford,  N.H 0 

Springfield,  Mass 1 

StJohnsbury,Vt 467 

Wells  River,  Vt 247 

White  River  Junction,  Vt 1,4S4 

In  addition  to  the  foregoing,  296  adults  were  found  and  destroyed 
at  arc  lights  in  White  River  Jimction,  Vt. 

RESULTS  OF  QUARANTINE  WORK. 

The  results  of  the  quarantine  work  have  been  very  satisfactory. 
Only  one  infested  shipment  of  plant  products  has  been  known  to 
pass  out  of  the  territory  and  it  was  promptly  returned. 

Several  carloads  of  stone  and  quany  products  have  recently  been 
found  infested  with  gipsy-moth  egg  masses  and  a  quarantine  was 
declared  by  the  Secretary  of  Agriculture  on  October  23,  1914.  Such 
products  must  now  be  inspected  and  certified  the  same  as  plant 
products. 

Considering  the  number  of  infested  shipments  that  have  beeu 
found  and  the  wide  range  of  coimtry  to  which  they  woidd  have  been 
sent  if  the  egg  clusters  had  not  been  found  and  treated,  it  is  safe  to 
assert  that  this  work  has  resulted  in  enormous  saving  of  money 
value  to  the  agricultural  and  forest  interests  of  the  United  States. 

COOPERATIVE  WORK. 

Since  the  Federal  work  was  conunenced,  active  cooperation  has 
been  secured  from  the  States  in  which  operations  were  being  carried  on. 
While  the  organization  of  the  State  force  and  that  of  the  Government 
force  are  entirely  distinct  the  work  is  planned  in  such  a  way  as  to  avoid 
dupUcation  and  to  secure  the  best  results.  The  general  plan  is  for 
the  Bureau  of  Entomology  to  concentrate  its  efforts  in  stamping  out 
colonies  in  the  territory  along  the  western  border  of  infestation  from 
Lake  Winnipesaukee  to  Long  Island  Sound,  and  to  carry  on  as  much 
work  as  may  be  necessary  in  ehminating  the  isolated  colonies  that 
have  been  found  in  New  York,  Ohio,  western  Massachusetts,  and 
Connecticut.  The  State  officials  concentrate  their  efforts  in  the  ter- 
ritory inside  the  border  towns.  Owing  to  the  hearty  spirit  of  coop- 
eration that  has  existed  between  the  Bureau  of  Entomology  and  the 
I  officials  in  New  York,  Ohio,  and  Connecticut,  where  isolated  colonies 
are  present,  it  has  not  been  necessary  for  this  office  to  expend  much 
money  for  control  work,  as  the  States  concerned  have  made  every 
effort  to  stamp  out  these  colonies.     A  system  of  following  up  and 
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checking  over  the  work  done  by  these  States  has  been  adopted,  so 
that  very  satisfactory  work  has  resulted.  In  the  distribution  of 
natural  enemies  arrangements  have  been  made  to  cooperate  with  the 
State  officials,  and  this  has  resulted  in  the  establishment  of  more 
colonies  of  parasites  than  would  otherwise  have  been  possible.  An 
arrangement  has  been  made  with  the  Massachusetts  State  Board  of 
Agriculture  so  that  speakers  will  be  furnished  to  discuss  the  gipsy- 
moth  problem  at  farmers'  institutes. 

In  the  spring  of  1914  a  colored  poster  was  prepared  showing  the 
life  histories  of  the  gipsy  moth  and  the  brown-tail  moth  and  several 
of  the  introduced  natural  enemies.  These  posters  have  been  dis- 
tributed to  all  the  post  offices  in  the  infested  district,  to  granges, 
libraries,  and  educational  institutions.  Reproductions  from  this  poster 
have  been  made  in  the  form  of  post  cards  and  distributed  to  schools 
and  parties  interested  in  the  work. 

During  October,  1914,  an  exhibit  covering  the  gipsy-moth  work 
of  the  bureau  was  made  at  the  Boston  Pure  Food  and  Domestic 
Science  Exposition,  as  a  part  of  the  Government  exhibit.  Living 
parasites  were  on  exhibition  as  well  as  moimted  specimens  and  other 
information. 

Efforts  are  continually  being  made  to  advise  property  owners 
concerning  the  methods  which  should  be  taken  by  them  to  prevent 
serious  damage  to  their  trees,  and  good  results  are  being  accom- 
plished along  these  lines. 

CONCLUSION. 

The  gipsy-moth  work  of  the  Bureau  of  Entomology  is  weU  organ- 
ized and  each  section  is  accomplishing  good  results. 

The  scouting  work  and  the  quarantine  work  are  doing  efficient 
service  and  preventing  the  spread  of  the  gipsy  moth,  but  on  account 
of  the  enormous  area  which  is  infested  it  is  impossible  to  cover  much 
of  the  woodland.  This  has  resulted  in  a  gradual  spread  of  the  insect. 
It  has  been  possible  to  restrict  this  spread  very  materially  toward 
the  westward. 

The  work  of  natural  enemies,  including  the  parasites,  predacious 
enemies,  and  disease,  have  helped  materially  in  decreasing  the 
amount  of  infestation,  and  it  seems  probable  that  these  influences 
will  become  more  potent  factors  in  the  future. 

The  importance  of  bringing  forest  lands  into  a  growth  which  is 
unfavorable  to  the  development  of  the  gipsy  moth  can  not  be  too 
strongly  ui^ed,  as  the  work  of  natural  enemies  is  likely  to  fluctuate 
from  year  to  year  on  account  of  adverse  conditions  or  the  decimation 
of  the  beneficial  species  by  other  parasitic  forms.  Every  movement 
toward  bringing  about  more  unfavorable  forest  growth  is  therefore  a 
step  in  solving  the  gipsy-moth  problem. 

WASHINGTON  :  GOTBBNMBNT  PRINTING  OFTICa  :  l»U 
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ELEVEN  IMPORTANT  WILD-DUCK  FOODS. 

By  W.  L.  McAtee,  AfisisUnd  Biologist. 

INTRODUCTION. 

Accounts  of  the  value,  nature,  range,  and  methods  of  propagation 
of  various  groups  of  plants  having  importance  as  wild-duck  foods 
are  contained  in  a  series  of  contributions  of  the  Biological  Survey 
to  publications  of  the  Department  of  Agricultiu*e,  of  which  this  bulle- 
tin is  the  third.  Eleven  groups  here  discussed  include  2  assemblages 
of  fresh-water  plants  of  universal  distribution  in  the  United  States; 
2  of  more  southerly  range;  2  trees  of  southern  swamps  whose  abun- 
dant seeds  are  eagerly  eaten  by  ducks;  1  strictly  salt-water  duck 
food,  the  first  thus  far  recommended  by  the  bureau;  1  brackish- 
water  plant;  and  3  others  of  such  luxuriant  growth  as  to  be  especially 
adapted  for  use  on  duck  farms. 

MUSK   GRASSES. 

VALUE   AS   DUCK   FOOD. 

Parts  of  musk  grasses  (algae,  Characeae)  have  been  foimd  in  the 
stomachs  of  the  following  14  species  of  ducks:  Mallard,  black  duck, 
pintail,  wigeon,  gadwell,  green-winged  and  blue-winged  teals,  buffle- 
head,  goldeneye,  ruddy  duck,  little  and  big  bluebUls,  ringneck,  and 
redhead.  The  small  tubers  of  these  plants  are  eaten  in  large  numbers; 
more  than  1,100  were  contained  in  the  stomach  of  one  goldeneye  and 
more  than  1,500  in  that  of  a  pintail.  However,  all  parts  of  musk 
grasses  are  eaten.  Certain  ducks  spending  the  late  autumn  on 
Currituck  Sound,  North  Carolina,  were  feeding  extensively  on  these 
plants.  Three-fifths  of  the  food  of  70  little  and  35  big  bluebiUs  taken 
in  that  locality  in  November,  1909,  consisted  of  musk  grasses.  The 
stomachs  of  3  pintails  collected  in  the  same  locality  in  September 
contained  on  the  average  52  per  cent  of  musk  grasses,  and  of  2  in 
October,  90  per  cent. 


NoTK.— This  bulletin  is  for  general  distribution,  and  shows  how  11  groups  of  plants  may  be  successfully 
used  as  food  for  wOd  ducks  in  localities  where  now  unknown,  and  is  the  third  in  a  series  on  this  subject,  the 
preceding  being  Circular  81,  Biological  Survey,  which  treated  of  wild  rice,  wild  celery,  and  pondweeds;  and 
BoDecin  No.  58,  Department  of  Agriculture,  which  treated  of  the  delta  duck  potato,  wapato,  chufa,  wHd 
mOtet,  and  banana  water  lily.  The  groups  described  in  this  bulletin  are  musk  grasses,  duckweeds,  frogbit, 
(halia,  water  elm,  swamp  privet,  eel-grass,  wigeon-grass,  water-cress,  water-weed,  and  coontail. 
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DESCRIPTION  OF  PLANTS. 

Musk  grasses  belong  to  the  great  group  of  plants  known  as 
alg80,  which  include  forms  commonly  known  as  frog  spit,  green 
slime,  and  seaweeds.  Most  of  the  musk  grasses  (Characeae)  live 
in  fresh  water  and  are  among  the  most  highly  organized  algae  that 
do  so.  They  are  attached  to  the  bottom,  and  over  it  often  form  a 
fluflFy  blanket  a  foot  or  more  in  thickness.  Small  round  white  tubers 
occur  in  numbers  on  the  rhizoids  (root-like  organs)  of  some  species. 
The  slender  stems  are  jointed  and  bear  at  the  joints  whorls  of  fine 

tubular  leaves,  which  usually 
have  a  beaded  appearance  (fig. 
1),  due  to  the  reproductive 
organs  growing  there.  These 
are  of  two  sorts:  the  anther- 
idia,  which  are  spherical  and 
red  when  mature,  and  the 
oogonia,  which  are  ovoid  and 
black,  more  or  less  overlaid 
with  white.  The  oogonia  cor- 
respond to  the  seeds  of  higher 
plants,  and  are  about  half  a 
millimeter  in  length. 

These  plants  are  translucent 
and  fragile,  duU  green  in  color, 
and  often  (Cham)  incrusted 
with  lime.  This  has  given 
them  one  of  their  common 
names,  limeweed.  Other 
names  are  stonewort,  fine  moss 
(Michigan),  oyster  grass  and 
nigger  wool  (North  Carolina) , 
and  skunk  grass  (Massachu- 
FiQ.  i.-A  musk  grass  ( chara).  setts) .     The  latter  name  and 

that  here  adopted  for  these 
plants,  namely,  musk  grass,  refer  to  a  strong  odor  given  off  by  a  mass 
of  the  plants  when  freshly  taken  from  the  water. 

DISTRIBUTION. 

Probably  no  part  of  the  United  States  entirely  lacks  representa- 
tives of  CJiara  or  Nitella,  our  two  genera  of  Characeae.  They  require 
lime,  however,  and  hence  reach  their  best  development  in  regions 
where  that  mineral  is  plentiful. 

PROPAGATION. 

For  transplanting,  musk  grasses  should  be  gathered  in  quantity  in 
late  summer  or  fall,  when  some  or  all  of  the  oogonia  are  mature.     For 
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shipment  they  should  be  packed  in  small  miits  (as  in  berry  crates) 
open  to  the  air  on  all  sides.  This  will  prevent  fermentation;  a  little 
drying  will  not  hurt.  If  they  are  to  be  transported  long  distances, 
the  package  should  be  iced.  For  planting,  bunches  of  the  plant  may 
be  weighted  and  dropped  to  the  bottom.  Growth  should  appear  the 
following  summer.  Musk  grasses  will  grow  on  almost  any  kind  of 
bott^Hn,  but  it  must  be  remembered  that  they  will  not  thrive  perma- 
nently in  the  absence  of  lime. 

DUCKWEEDS. 

VALUE   AS  DUCK   FOOD. 

Duckweeds  are  abundant  only  under  special  conditions,  but  these 
conditions  exist  in  some  of  the  favorite  haunts  of  our  wild  ducks. 
In  the  still  recesses  of  southern  cypress  swamps,  where  duckweeds 
cover  the  entire  water  surface,  these  plants  contribute  to  the  support 
of  all  species  of  wild  ducks.  A  statement  of  the  duckweed  content 
of  two  lots  of  stomachs  collected  at  Menesha,  Ark.,  in  November  and 
December  will  serve  to  show  the  importance  of  these  plants  in  that 
locality.  In  the  first  lot  were  8  mallards,  and  duckweeds  composed 
an  average  of  more  than  62  per  cent  of  their  stomach  contents.  .The 
proportion  in  other  species  was  as  follows:  Spoonbill  (1  stomach), 
55  per  cent;  redhead  (10),  50.3  per  cent;  and  little  bluebiU  (6),  8.33 
per  cent.  In  the  second  lot  were  64  mallards,  and  they  had  eaten 
duckweeds  to  the  average  extent  of  more  than  49  per  cent.  Fifteen 
ringnecks  had  consumed  on  the  average  21.7  per  cent  each,  and  two 
wood  ducks,  95  per  cent.  In  the  woodland  ponds  also  of  the  North- 
em  States  duckweeds  aboimd.  Here  in  the  breeding  season  the  wood 
duck  still  manifests  its  preference  for  these  httle  plants.  Some 
stomachs  are  filled  exclusively  with  them,  thousands  being  present. 

Duckweeds  are  reUshed  by  most  of  our  ducks  and  have  been 
found  in  the  stomachs  of  the  following  species  additional  to  those 
above  mentioned :  Pintail,  gadwell,  black  duck,  wigeon,  blue-winged 
and  green-winged  teals,  and  big  bluebill.  As  duckweeds  sink  at  the 
approach  of  cold  weather,  they  are  available  in  the  North  during  only 
the  warmer  months.  In  the  South,  however,  they  remain  at  the 
surface  practically  all  the  year. 

DESCRIPTION  OF   PLANTS. 

The  duckweeds  most  commonly  seen  are  the  green  disks  (some- 
times more  or  less  tailed  on  one  side,  fig.  2,  a,  6,  c,  d)  which  cover  the 
surface  of  quiet  and  usually  shaded  waters.  These  disks  are  really 
leaves,  the  plants  being  reduced  to  a  leaf,  with  one  or  a  few  roots  on 
the  under  side.  Duckweeds  multiply  largely  by  budding,  and  the 
parent  plant  and  offsets  often  chng  together  in  clusters.  Individual 
plants  vary  in  size  from  one-twelfth  to  three-fourths  of  an  inch  in 
diameter. 
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Two  genera  of  duckweeds  lack  roots.  One  of  these  ( WoWxiy  fig.  2, 
e,  f)  contains  the  smallest  flowering  plants.  These  appear  as  green 
granules,  one  twenty-fourth  of  an  inch  or  less  in  diameter,  and  are 
often  abundant  among  other  duckweeds  or  about  the  margins  of 
lakes  and  ponds.  When  the  hand  is  dipped  into  the  water  large 
numbers  of  the  plants  adhere  to  it.  They  look  like  coarse  meal, 
except  for  their  green  color,  and  feel  hke  it,  so  that  a  good  name  for 
them  would  be  water  meal. 

The  other  genus  of  rootless  duckweeds  ( WolffieUa)  consists  of  strap- 
shaped  plants  (fig.  2j  gjh)j  narrowed  at  one  or  both  ends.     They  are 

from  one  -  fifth  to 
three-fifths  of  an  inch 
in  length  and  com- 
monly cohere  in  ra- 
diate bodies  or  in 
large  masses  of  less 
definite  structure. 

Duckweeds  are 
known  also  as  duck's 
meat,  water  lentils, 
and  seed  moss.  TTie 
latter  term,  in  fact,  is 
used  in  Arkansas  to 
cover  all  components 
of  the  vegetation  of 
the  water  surface. 
Besides  duckweeds, 
this  mass  includes 
that  green  or  red,  vel- 
vety, mosslike  plant, 
AzoUa  caroliniana, 
and  the  branching 
strapUke  Hverworts, 
Rxcdella.  Both  of  these  are  eaten  by  waterfowl  along  with  the  duck- 
weeds, but  being  less  plentiful  are  of  minor  importance. 


Fio.  2.— Duckweeds:  o,  6,  Spirodela:  c,  d,  Lemna;  e,  /,  Wolffia;  g,  h 
WolffieUa, 


DISTRraUTION. 

Most  of  the  species  of  duckweeds  are  wide  ranging.  Of  the  single- 
rooted  kind  (LemnUj  fig.  2,  c,  d),  3  species  occur  throughout  the 
United  States,  2  others  are  confined  to  the  southern  part,  and  1  to 
the  eastern.  The  one  many-rooted  species  {Spirodela j  fig.  2,  a,  ft), 
is  of  universal  distribution.  The  granulehke  rootless  forms  ( Wolffla, 
fig.  2,  €j  f)j  so  far  as  known,  are  confined  to  the  eastern  half  of  the 
country,  and  the  straplike  rootless  species  ( WolffieUa,  fig.  2,  g,  h) 
to  the  southeastern  quarter. 
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PROPAGATION. 

The  seeds  of  duckweeds  are  minute  and  seldom  mature.  The 
plants,  therefore,  must  be  transplanted  bodily.  There  is  no  diffi- 
culty about  this,  for  if  they  are  not  crushed  or  allowed  to  ferment 
or  dry,  duckweeds  are  perfectly  at  home  from  the  moment  they 
are  placed  in  a  new  body  of  water.  Fermentation  may  be  prevented 
by  shipping  in  small  xmits  freely  exposed  to  the  air.  Plants  which 
are  to  be  transported  a  long  distance  should  be  iced. 

It  is  useless  to  put  duckweeds  in  large  open  bodies  of  water. 
They  thrive  best  in  small  pools  and  ditches  where  the  water  surface 
is  rarely  disturbed.  In  ponds  entirely  surrounded  by  forest  growth 
and  wooded  swamps  duckweeds  also  abound,  but  they  are  equally 
at  home  in  small  pools  and  other  openings  among  the  reeds  and 
sedges  of  marshes.     They  are  strictly  fresh-water  plants. 

FROGBIT. 

VALUE  AS   DUCK   FOOD. 

Frogbit  and  the  three  species  next  described  (thalia,  water  elm,  and 
swamp  privet)  are  at  present  known  to  be  of  only  local  importance 
as  wild-duck  foods.  Frogbit  is  an  abundant  inhabitant  of  some 
of  the  shallow  cypress-margined  lakes  in  Avoyelles  Parish,  La.  It 
produces  spherical  fruits  filled  with  gelatinous  matter  in  which  are 
a  multitude  of  seeds,  eagerly  sought  by  ducks.  Nearly  18  per  cent 
of  the  food  of  308  mallards  collected  in  that  locality  from  October 
to  March,  inclusive,  consisted  of  these  seeds.  From  8,000  to  10,000 
were  found  in  each  of  several  stomachs  and  one  contained  32,000. 
Other  ducks  found  feeding  on  frogbit  seeds  were  the  pintail  and 
ringneck.  Twenty-five  stomachs  of  the  latter  species  collected  in 
December  contained  on  the  average  over  35  per  cent  of  these  eagerly 
sought  seeds. 

DESCRIPTION   OF   PLANT. 

Frogbit  (Limnobium  spongia)  floats  in  shallow  waters,  extending 
its  roots  into  the  muck  below,  or  it  may  grow  on  soft  mud  itself. 
On  stalks  from  a  few  inches  to  a  foot  in  length  are  several  heart- 
shaped  leaves  (fig.  3),  which  have  5  to  7  longitudinal  veins  springing 
from  the  base,  and  numerous  cross-veins.  The  underside  of  the 
leaves  is  sometimes  purplish.  Numerous  spongy  runners  help  to 
support  the  plant  in  the  water,  and  they  also  form  new  plants  at 
the  joints.  The  flowers  emerge  from  conspicuous  sheaths,  and  appear 
to  have  3  sepals  which  are  broader  and  sometimes  reflexed  and  3 
petals  which  are  narrow  and  more  erect.  The  stamens,  6  to  12  in 
number,  are  given  off  at  different  heights  from  a  central  column. 
The  stalks  supporting  the  berrylike  fruits  are  thick  and  recurved. 
The  berry,  as  previously  noted,  is  filled  with  a  mixture  of  seeds  and 
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gelatinous  substance.  The  seeds  are  covered  by  minute  tangled 
processes  which  cause  them  to  cohere  in  masses.  The  fruit  ripens 
in  August. 

DISTRIBUTION. 

Frogbit  is  a  local  plant,   especially  in  the  northern  part  of    its 
range.     It  has  been  found   at   Braddock   Bay,  N.   Y.,   Monmouth 


Fig.  3 —Frogbit. 

County,  N.  J.,  and  in  Delaware,  but  the  normal  range  probably  is 
from  North  Carohna  and  Missouri  southward.  The  range  here 
mapped  (fig.  4)  is  not  complete,  since  the  plant  has  been  found  in 
Mexico. 

PROPAGATION. 

Frogbit  is  extensively  used  in  aquaria  and  water  gardens,  and 
may  be  obtained  from  dealers  in  plants  for  such  purposes.  The 
plants  themselves  should  be  set  out  in  water  a  few  inches  deep  over 
a  mucky  bottom  or  in  soft  mud  near  the  water's  edge. 
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THAUA. 
VALUE  AS  DUCK  POOD. 

The  writer's  only  experience  with  thalia  (species  divaricaia)  as  a 
wild-duck  food  was  on  St.  Vincent  Island,  Florida.  Here  a  slough 
filled  vrith  a  tall  growth  of  these  elegant  plants  was  a  favorite  resort 
of  ducks,  especially  mallards,  which  could  always  be  flushed  from 


Fio.  4.— Range  of  frogblt. 

this  place.  However,  at  the  time  of  the  writer's  visit  only  one 
bird  was  obtained  and  its  stomach  contained  a  few  thalia  seeds. 
Another  mallard  collected  at  a  later  date  in  the  same  place,  by  the 
late  Dr.  R.  V.  Pierce,  had  fed  almost  exclusively  on  these  large  seeds, 
and  its  gullet  and  gizzard  were  well  filled  by  144  entire  seeds  and 
fragments  of  others. 

The  evidence  is  sufficient  to  show  that  thalia  has  great  possibilities 
as  a  wild-duck  food.     The  seeds  are  large  and  nutritious  and  are 
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borne  in  great  abundance.  They  ripen  in  July  and  August  and  are 
available  to  ducks  throughout  the  winter,  if  the  water  is  not  frozen 
over. 


DESCRIPTION  OF  PLANT. 


A  single  plant  of  Thalia  divaricata  is  a  stout,  one-leaved  stalk  from 
4  to  15  feet  in  height,  rising  from  a  large  tuberlike  root,  and  the  stems 


/]y^ 
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Fig.  5.—  Thalia  divaricata. 

are  usually  clustered  (fig.  5).  The  leaf  is  much  like  that  of  canna,  is 
stalked,  and  may  measure  5  inches  wide  and  15  inches  long.  The 
top  of  the  stalk  divides  and  subdivides  into  a  large  fruiting  head  which 
may  bear  from  200  to  300  seeds.  The  ultimate  branches  of  the  fruit- 
ing head  are  strongly  zigzag.  The  flowers  and  seeds  are  borne  in 
husks,  each  of  which  is  formed  by  two  purplish 
bracts,  one  much  larger  than  the  other.  The  oblong 
seeds  (fig.  6)  are  plump  and  vary  in  length  up  to 
three-eightlis  of  an  inch.  They  have  thin,  closely 
fitting  individual  husks,  are  slightly  curved,  and 
bear  numerous  longitudinal  rows  of  small  irregular  elevations  which 
are  lighter  in  color  than  the  rest  of  tlie  surface. 

DISTRIBUTION. 

Thalia  divaricata  is  native  from  Florida  to  southern  Arkansas  and 
Texas  and  southward  into  Mexico,  and  doubtless  it  will  thrive  as  far 


Fia.  6.— Seeds  of  thalia. 
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north  as  South  Carolina  and  Missouri.  Two  pther  species  (7".  dealbata 
and  T.  barbata)  occur  in  the  region  from  South  Carolina  and  Missouri 
south  to  Florida  and  Texas.     Their  value  as  duck  food  is  unknown. 

PROPAGATION. 

Thalia  can  be  propagated  from  either  seeds  or  rootstocks.     The 
seeds  have  a  thick  shell  and  the  rootstocks  are  massive,  so  that  neither 
should  be  injured  if  transported  with  ordinary  precautions.     Thalia 
occurs  in  greatest  abundance  in  muddy  sloughs,  but  it  will  grow  in 
open  water  from  2  to  3  feet  deep. 
If   planted    directly    into    open 
water,  rootstocks  should  be  used. 
Seeds  should  either  be  placed  in 
shallow  water  or  sprouted  in  a 
protected  place  and  the  young 
plants  set  out  after  they  have  at- 
tained some  size. 

WATER  ELM. 
VALUE  AS  DUCK  POOD. 

That  trees  should  produce 
food  for  wild  ducks  is  at  first 
thought  surprising,  but  many  do, 
as  oaks,  thorns,  hollies,  ashes, 
hackberries,  and  others;  none  is 
of  more  value  for  this  purpose, 
however,  than  the  water  elm. 

The  most  common  wild  duck 
in  central  I^uisiana  is  the  mal- 
lard; in  fact  it  outnumbers  all 
other  species  combined.     Foods 

^  .  ,  -  Fig.  7.— Leaveii  and  fruit  of  waler  elm. 

important    to    it,   therefore,  are 

the  important  duck-foods  of  the  region.  One  hundred  and  seventy- 
one  mallards  collected  in  the  vicinity  of  Mansura  and  Marksville, 
during  October,  November,  and  December,  had  fed  on  the  ^eeds  of 
water  elm  to  the  extent  of  45.5  per  cent  of  their  total  subsistence. 
The  largest  number  of  seeds  taken  by  a  single  duck  was  upward  of 
200.   These  tightly  filled  the  whole  gullet  and  gizzard. 

Other  species  of  ducks  seem  to  be  fond  of  the  seeds,  judging  from 
smaller  numbers  examined  from  this  region.  These  include  the 
black  duck  and  the  ringneck.  Water-elm  seeds  are  eaten  by  Arkansas 
mallards  also. 

83175^— BuU.  206—15 2 
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DESCRIPTION   OF   PLANT. 


The  water  elm  thrives  in  swamps  and  on  the  margins  of  sluggish 
streams.  Normally  it  grows  in  water  which  is  permanently  2  to  3 
feet  deep,  but  it  survives  prolonged  inundation  of  much  greater  depth. 
The  tree  seldom  exceeds  40  feet  in  height  and  20  inches  in  diameter, 
and  usually  is  much  smaller. 

The  bark  is  much  Uke  that  of  the  hop  hornbeam  or  ironwood,  and 
the  leaves  (fig.  7),  while  obviously  similar  to  those  of  our  other  elms, 
are  smaller  and  have  blunter  marginal  serrations. 


^  Fio.  8.— Seedlings  of  water  elm. 

The  water  elm  flowers  very  early,  from  February  to  April,  and  the 
fruit  usually  ripens  and  falls  in  a  month  or  six  weeks,  but  occasionally 
is  found  on  the  trees  as  late  as  August.  The  extreme  length  of  a 
single  specimen  of  the  fruit  is  about  a  third  of  an  inch.  It  consists  of 
a  plump  seed  with  a  shiny  blue-black  coating,  inclosed  in  a  burrlike 
hull  (fig.  7)  which  is  ridged  and  provided  with  numerous  fleshy  pro- 
jections. The  fruits,  which  are  very  numerous,  drop  into  the  water 
immediately  upon  or  even  before  ripening.  SeedUngs  (fig.  8)  come 
up  by  the  thousand  in  midsummer  and  young  plants  in  all  stages  of 
growth  are  abundant,  proving  that,  for  increase,  seed  is  the  main 
dependence  of  the  tree. 

The  water  elm  is  also  known  (in  books)  as  planer  tree,  and  among 
the  French-speaking  people  of  Louisiana  as  chataignier  and  charmille. 
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The  range  (fig.  9)  of  the  water  elm  (Planera  aquatica)  extends  from 
the  lower  Wabash  Valley  in  Indiana  to  the  river  bottoms  of  eastern 
Texas,  and  from  western  Tennessee  and  southeastern  North  Carolina 
to  Florida. 


Fig.  9.— Range  of  water  elm. 
PROPAGATION. 

Seeds  of  the  water  elm  do  not  seem  to  be  ripe  at  the  time  they 
usually  fall;  the  real  ripening  probably  occm^  as  they  lie  in  the  water 
beneath  the  parent  tree.  While  it  is  difficult,  therefore,  to  .collect 
seeds  in  proper  condition  for  planting,  young  plants  of  water  elm 
abound  and  if  carefully  lifted  and  packed  should  stand  shipment 
well.  Great  care  must  be  taken  to  prevent  the  roots  from  drying. 
They  should  be  embedded  in  balls  of  earth  and  sewed  up  in  burlap. 
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Transportation  should  bo  as  rapid  as  possible  and  the  young  trees 
should  be  set  out  or  heeled  in  immediately  upon  receipt.  Transplant- 
ing should  be  done  when  the  trees  are  leafless. 

SWAMP  PRIVET. 
VALUE  AS  DUCK  POOD. 

The  swamp  privet  is  included  principally  on  account  of  the  testi- 
mony of  numerous  hunters  as  to  its  usefuhiess.  Wood  ducks  in 
particular  are  said  to  feed  extensively  upon  its  seeds.  Weeks  before 
other  species  of  ducks  arrive  these  birds  are  abundant  in  the  coimtiy 
where  swamp  privet  grows  and  are  said  to  consume  most  of  the 

crop  of  seeds,  leaving 
little  for  other  ducks. 
The  seeds  have  been 
found  in  numerous 
mallard  stomachs,  but 
in  quantity  in  only 
one. 

DESCRIPTION   OF  PLANT. 

Swamp  privet  (for* 
estiera   dcuminatd)    or 
bois   blanc,   found    in 
the  same  kinds  of  lo- 
calities   as    the   water 
elm,    is   a    smooth- 
barked    shrub    (some- 
times a  small  tree) 
usually  with  drooping 
stems,    which    fre- 
quently take  root   at 
the  tip.     The  smooth,  hght-green  leaves  (fig.  10)  are  opposite,  oval, 
taper-pointed  at  both  ends,  and  with  rounded  serrations  which  are 
more  prominent  on  the  apical  half.     The  fruit  of  swamp  privet  is  a 
blue  watery  berry  from  one-half  to  three-fourths  of  an  inch  in  length. 
Greatly  subject  to  insect  attack,  it  is  usually  distorted.     The  pit  is 
nearly  as  long  as  the  berry,  pointed  at  both  ends,  and  has  numerous 
lengthwise,  fibrous  ridges.     The  seed  within  is  white  and  smooth. 
The  flowers,  borne  in  clusters,  bloom  in  March  and  April,  and  the 
fruit  is  ripe  in  May  and  June. 

As  is  the  case  with  seeds  of  the  water  elm,  those  of  the  swamp 
privet  may  remain  under  water  for  a  long  period  without  apparent 
deterioration.  Probably  most  of  the  seeds  are  exposed  by  the  annual 
lowering  of  the  water  level  and  germinate  the  summer  they  are  pro- 
duced.    (See  fig.  11.)    Whether  those  which  fall  in  deeper  water  ever 


Ficj.  10.-  Jyeaves  of  swamp  privet. 
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germinate  is  unknown,  but  it  is  certain,  so  far  as  utility  as  duck  food 
in  concerned,  that  they  keep  in  perfect  condition  far  into  the  succeed- 
ing spring. 


DisTRmunoN. 


Swamp  privet  is  native  from  central  Illinois  and  Tennessee,  near 
Nashville,  south  to  Texas  and  Florida  (see  fig.  12). 


PROPAGATION. 


Fruits  of  swamp  privet  fully  ripen  upon  the  tree.  The  seeds, 
being  protected  by  a  fibrous  cover  and  the  pulp  of  the  berry,  undoubt- 
edly will  stand  shipment  for  ordinary  distances.     Prompt  handling 


Fio.  11.— Seedlings  of  swamp  privet. 

is  advisable,  however,  and  the  usual  precautions  against  fermentation 
should  be  taken.  The  seeds  should  be  sown  in  well-watered  beds 
and  the  young  plants  grown  to  some  size  before  setting  out.  Col- 
lected young  plants  and  the  offshoots  produced  by  the  rooting  of  the 
tips  of  branches  of  older  ones  may  be  handled  like  those  of  the  water 

elm. 

EEL-GRASS. 

VALUE  AS  DUCK  FQOD. 

Few  who  have  written  of  the  habits  of  sea  brant  have  failed  to 
mention  its  fondness  for  eel-grass.  Thp  relation  between  this  spe- 
cies of  bird  and  plant  seems  to  be  as  close  as,  if  not  closer  than, 
that  existing  between  the  noted  fresh-water  pair,  the  canvasback 
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duck  and  wild  celery.  So  far  as  investigations  of  the  food  of  the 
biant  are  concerned  the  pubhshed  record  is  thoroughly  substanti- 
ated. All  normal  stomach  contents  of  the  common  brant  thus  far 
examined  consisted  exclusively  of  eel-grass.  Other  salt-water  fowl 
also  feed  on  eel-grass,  as  the  surf  and  white-winged  scoters.  Six  birds 
of  the  latter  species  collected  at  Netarts  Bay,  Oregon,  had  made  43 
per  cent  of  their  last  meal  of  it.  The  list  of  other  ducks  feeding  on 
the  plant  includes  the  golden-eye,  old  squaw,  bufflehead,  mallard,  and 
black  duck,  the  last-named  species  sometimes  devouring  the  semis  of 
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Fig.  12.— Range  of  swamp  privet. 

eel-grass  in  large  numbers.  The  stomachs  of  5  black  ducks  collected 
at  Amityville,  Long  Island,  N.  Y.,  in  October  and  November, 
contained  on  the  average  more  than  66  per  cent  of  eel-grass  seeds,  the 
number  of  seeds  per  stomach  varying  from  700  to  4,000.  Eleven 
birds  taken  at  Scarboro,  Me.,  during  the  same  months  had  eaten 
enough  eel-grass  seeds  to  make  up  51  per  cent  of  their  food.  In  thrc^ 
cases  fully  2,000  seeds  had  been  taken.  Thirteen  ducks  of  the  same 
species  collected  in  Massachusetts  in  January  and  February  had 
taken  eel-grass,  including  both  seeds  and  leaves,  to  the  extent  of  more 
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than  1 1  per  cent  of  their  food.  The 
wigeon,  a  species  which  prefers  foli- 
age to  the  seeds  and  roots  of  aquatic 
plants,  sometime  visits  salt  water 
to  feed  upon  this  plant.  Five  of 
these  birds  taken  at  South  Island, 
South  Carolina,  in  February,  had 
made  one-fourth  of  their  meal  of 
the  leaves  of  eel-grass. 

DESCRIPTION  OF  PLANT. 

Eel-grass  (Zostera  marina)  con- 
sists of  bunches  of  long  tapeUke 
leaves  which  rise  from  a  jointed 
fibrous-rooted  creeping  stem  (fig. 
13).  The  leaves  bear  a  strong 
superficial  resemblance  to  those  of 
wild  celery,  but  they  are  rarely 
more  than  a  fourth  of  an  inch  wide, 
while  those  of  wild  celery  are  seldom 
as  narrow.  The  leaf  of  eel-grass, 
furthermore,  is  tougher  and  more 
leathery  than  that  of  wild  celery. 
When  a  mature  leaf  is  torn  across, 
numerous  white  fibers  may  be  seen 
at  the  broken  ends.  Wild  celery 
lacks  these.  The  color  of  eel-grass 
leaves  is  oUve  or  dark  green,  that 
of  wild  celery  clear  light  green.^ 

The  leaves  grow  in  small  bundles 
from  the  end  of  the  rootstock  or  its 
branches,  and  may  reach  a  length 
of  6  feet.  The  rootstocks,  which 
usually  are  reddish,  have  joints 
about  every  half  inch,  at  which 
they  are  easily  broken.  The  num- 
erous fibrous  roots  spring  from 
these  joints.  Seeds  of  eel-grass  are 
formed  in  sheaths  alongside  the 
leaves.  They  are  about  one-eighth 
of  an  inch  in  length,  are  placed  end 
to  end,  and  are  barrel-shaped,  with 
the   surface    conspicuously    longi- 

•  Under  the  microscope  the  leaves  of  these  two  plants  aro  very  unlike.  The  chlorophyll  granules  of 
Zoitna  are  arranged  In  regular  longitudinal  rows,  and  the  edge  of  the  leaf  is  smooth.  The  rhlorophyll 
granules  of  KoUim^ria,  on  the  contrary,  are  irregularly  arranged  and  the  edg«'  of  the  leaf  is  sparingly  best't 
with  minute  teeth. 


Fig.  13.— Eel-grass. 
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tudinally  ribbed  (fig.  14).  Eel-grass  has  numerous  common  names, 
among  which  we  may  cite  sea-wrack  or  grass-wrack,  sea-,  sweet-, 
barnacle-,  turtle-,  and  wigeon-grass. 

DISTRIBUTION. 

Eel-grass  is  strictly  a  maritime  species.  In  its  natural  habitat  it  is 
cosmopolitan.  In  North  America  it  is  found  from  Greenland  to  the 
Gulf  of  Mexico,  and  from  Alaska  to  California. 

PROPAGATION. 

This  plant  grows  only  in  salt  water.  It  is  common  aloilg  shores 
facing  the  open  ocean,  but  also  grows  in  bays  and  even  lagoons  where 
the  water  must  be  far  less  salt  than  the  sea.  The  seeds  are  not  well 
pi  otected  against  drying  and  for  that  reason  are  unsuitable  for  trans- 
planting.*    Moreover,  unless  they  can  be  sown  in  a  very  quiet  place 

the  chances  are  against  securing  a  catch. 

•        A       A  ^     ^^^  rootstocks,  however,  are  rather  tough 

^       W  ^     ^^^  resistant    and,  furthermore,  can   be 

FiG.H.-seedsofeei-grass.  fastened  U)  the  bottom.     They  must  not 

be  allowed  to  dry,  but  should  be  shipped 
wet  and  handled  as  rapidly  as  possible.  Bury  or  fasten  to  the  bottom 
in  water  a  few  ieet  deep  where  there  is  little  surf.  Once  establishcni 
the  plant  will  spread  to  more  exposed  areas. 

WIGEON-GRASS. 

VALUE   AS   DUCK   POOD. 

Wigeon-grass  is  of  rather  restricted  range,  but  of  considerable 
importance  as  a  duck  food  almost  everywhere  it  grows.  In  no 
locality,  so  far  as  known,  is  it  more  important  than  on  the  coast 
of  Texas.  Here  the  bays  that  have  kept  their  wigeon-grass  have 
kept  their  ducks;  those  in  which  the  plant  has  been  destroyed  by 
influxes  of  mud  and  filling  up  of  inlets  have  lost  them.  At  Rock- 
port,  Tex.,  wigeon-grass  still  holds  its  own  and  is  the  main  depend- 
ence of  the  visiting  vegetarian  ducks.  About  64  per  cent  of  the  food 
of  33  pintails  collected  at  Rockport  in  December  was  made  up  of 
rootstocks,  leaves,  and  seeds  of  wigeon-grass.  This  plant  furnished 
also  two-thirds  of  the  food  of  3  wigeons,  and  more  than  54  per  cent 
of  that  of  37  redheads  taken  at  the  same  time. 

Records  of  the  food  of  ducks  on  St.  Vincent  Island,  Florida,  sho'w 
two  other  species  of  ducks  to  be  very  fond  of  this  grass.  Nineteen 
little  bluebills  collected  in  January  had  eaten  it,  principally  the  seeds, 
to  the  extent  of  over  63  per  cent  of  their  food,  the  number  of  seeds 
per  stomach  varying  from  500  to  4,000.     The  food  of  17  gadwells 

1  They  undoubtedly  ean  be  proscrvod  by  rold  slorugj  ia  sail  water,  but  considering  tht*  limited  uai*  tbat 
can  be  made  of  seeds  on  aeeount  of  the  heavy  wash  along  mast  shores,  t  his  probably  would  not  be  profi  t&bltt. 


Digitized  by 


Google 


ELEVEN   IMPORTANT   WILD-DUCK   FOODS.  17 

taken  at  the  same  time  and  place  was  84  per  cent  wigeon-grass;  and 
the  stomach  of  a  redhead  contained  about  5,120  seeds. 

Most  of  the  duck  stomachs  received  by  the  Biological  Survey  from 
South  Island,  South  Carolina,  have  contained  wigeon-grass.  It  com- 
posed 41  per  cent  of  the  food  of  3  blue-winged  teals  collected  there  in 
March,  and  27  per  cent  of  that  of  8  gadwells  obtained  in  February 
and  March.  In  Currituck  Sound,  North  Carohna,  wigeon-grass  grows 
among  too  great  a  profusion  of  other  valuable  duck  foods  to  have  the 
importance  attained  in  less  favored  localities;  nevertheless,  it  is  a  plant 
of  considerable  value.  Practically  10  per  cent  of  the  food  of  35  big 
bluebills  collected  there  in  November  was  composed  of  wigeon-grass, 
as  was  about  the  same  proportion  of  the  diet  of  70  Uttle  bluebills. 

At  Back  Bay,  Virginia,  17  per  cent  of  the  food  of  9  pintails  collected 
in  February  consisted  of  wigeon-grass,  and  at  Virginia  City,  Va.,  16 
per  cent  of  the  food  of  14  mallards  taken  in  January  was  of  the  same 
composition. 

Other  ducks  found  feeding  on  wigeon-grass  are  the  Florida  duck, 
black  duck,  green-winged  and  cinnamon  teals,  spoonbill,  canvasback, 
ringneck,  bufflehead,  old  ^quaw,  ruddy  duck,  surf  scoter,  and  hooded 
merganser. 

DESCRIPTION  OP  PLANT. 

Wigeon-grass  (Ruppia  maritiina)  is  similar  in  habit  to  sago  pond- 
weed  or  foxtail.*  Both  have  long,  slender,  filamentous  leaves  on 
widely  spreading,  much-branched  stems.  In  wigeon-grass  the  basal 
parts  of  many  of  the  leaves  are  enlarged  (fig.  15),  and  this,  upon 
dose  inspection,  gives  the  plant  quite  a  different  appearance  from 
sago  pondweed.  The  seeds  of  sago  pondweed  are  compactly  grouped 
on  a  central  axis,  while  those  of  wigeon-grass  are  borne  singly  on 
rather  long  stalks  which  radiate  from  the  top  of  the  fruiting  peduncle 
(fig.  16).  The  latter  organ  usually  is  spirally  coiled  in  wigeon-grass; 
in  sago  pondweed  it  never  has  more  than  a  simple  curve.  The 
roots tock  of  wigeon-grass  is  tougher  than  that  of  sago  pondweed, 
more  frequently  jointed,  and  often  angled  at  the  joints.  There  are 
no  tubers.  The  seeds  are  black,  rounded  triangular  in  outline,  with 
a  small  pit  on  each  side  near  the  apex,  and  on  one  edge  an  oblong  lid 
which  is  forced  out  during  germination.  Pondweed  seeds  have  a  simi- 
lar lid,  but  are  usually  larger  than  those  of  wigeon-grass,  never  black, 
and  lack  the  apical  pits. 

Wigeon-grass  is  usually  referred  to  in  books  as  sea-  or  ditch-grass; 
it  is  also  called  tassel-grass,  tassel-weed,  tassel-pond  weed,  nigger-wool, 
puldoo-grass,  and  peter-grass.  The  last  two  names  are  compounded 
frona  terms  by  which  the  coot  is  known  in  southern  States,  and  indi- 
cate that  wigeon-grass  is  highly  reUshed  by  that  bird. 

»  Described  in  Biological  Survey  Circular  No.  81,  pp.  12-16. 
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DISTRIBUTION. 

Wigeon-grass  is  a  brackish-water  plant.  It  grows  in  salt  water, 
but  probably  never  in  that  of  full  ocean  strength.  It  also  grows  in 
water  that  passes  for  fresh,  as  in  the  upper  part  of  Currituck  Sound, 


^ 


FlQ.  15. — "Wigcon-grass. 


North  Carolina,  but  iiJets  from  the  ocean  to  this  part  of  the  sound 
have  existed  in  recent  years  and  high  tides  at  times  cross  the  narrow 
beacli.  Salt  in  the  soil  or  stdt  springs,  even  if  covered  by  fresh  water, 
also  give  wigeon-grass  the  conditions  necessary  for  existence;  this 
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explains  its  scattering  distribution  in  the  interior  of  the  country 
(fig.  17).  Along  the  coasts  wigeon-grass  occurs  from  the  base  of 
the  Alaska  Peninsula  and  the  Gidf  of  St.  Lawrence  south  to  Central 
America.^ 

PROPAGATION. 

Wigeon-grass  may  be  propagated  from  the  seeds,  which  ripen  in 
late  summer  and  early  autumn.  These  should  be  gathered  with 
about  6  inches  of  the  upper  part  of  the  plant,  as  the  foUage  tends  to 
keep  them  from  drying.  This  material  should  not  be  packed  in  large 
masses,  but  free  circulation  of  air  should  be  provided  to  prevent 
fermentation.  As 
little  time  as  pos- 
sible should  inter- 
vene between 
gathering  and 
planting.  If  it  is 
desired  to  keep  the 
seeds  for  some  time 
they  may  be  placed 
in  wet  cold  storage. 

After  soaking  the 
seed  until  it  will 
sink,  sow  broadcast, 
in  quiet  but  not 
stagnant  water  over 
mud  bottom.  Wi- 
geon-grass    grows 

;»%  ■»,«4^-..   ^r.«^*^r«  ;«  Fig.  16.— Fruits  of  wigeon-grass. 

m  water  varymg  in 

depth  from  a  few  inches  to  10  feet.     It  should  be  sown  where  the 

water  is  permanently  1  to  2  feet  deep. 

THREE  PLANTS  FOR  DUCK  FARMS. 

The  plants  considered  under  this  head  are  distinguished  by  rank- 
ness  of  vegetative  growth,  comparative  unimportance  of  their  seeds 
as  duck  food,  and  lack  of  fleshy  rootstocks  and  tubers.  These  quah- 
ties  render  the  plants  generally  undesirable  for  propagation  as  wild- 
duck  foods,  but  they  are  the  very  things  which  make  them  valuable 
for  duck  farms.  As  a  rule  abundant  green  food  is  available  to  wild 
ducks,  but  the  birds  usually  have  to  search  for  seeds,  fruits,  tubers, 
and  like  forms  of  concentrated  nutriment.  The  conditions  on  a  game 
farm  are  just  the  reverse.  The  birds  are  supphed  grain  food  con- 
stantly, but  need  roughage,  particularly  of  naturally  suitable  kinds. 
Plants  of  rapid,  luxuriant  growth  are  necessary  and  all  requirements 
are  fulfilled  by  water-cress,  water-weed,  and  coontail. 

■  Autboritieshold  a  variety  of  views  regarding  the  numl>ero(  specie^of  Ruppia  which  occur  in  this  area. 
The  purposes  of  this  publication,  however,  are  best  served  by  grouping  all  the  forms  under  one  name. 
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USE  OF  THESE  PLANTS. 

The  three  plants  just  mentioned  are  not  recommended  for  planting 
in  waters  where  any  other  growth  is  desired,  since  they  are  such  rank 
growers  that  they  are  apt  to  take  complete  possession.  One  of  them, 
namely,  coontail,  has  considerable  value  as  a  wild-duck  food,  how- 
ever, and  may  be  tried  in  waters  where  other  plants  have  failed. 


FiQ.  17.— Range  oi  wigeon-grass. 


On  duck  farms  best  results  will  be  obtained  if  the  xmit  system  of 
ponds  be  adopted.  Ducks  can  be  turned  into  one  pond  at  a  time, 
and  wlien  a  pond  is  eaten  out  it  may  be  resown,  screened  off,  and 
allowed  to  make  a  new  crop.  Under  favorable  conditions  water- 
weed  and  coontail  will  grow  6  inches  a  day. 
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WATER-CRESS. 


VALUE  AS  DUCK   FOOD. 


Knowledge  of  the  importance  of  water-cress  as  a  duck  food  is 
derived  entirely  from  breeders  of  wUd  ducks,  who  almost  without 
exception  consider  it  a  valuable 
plant  for  a  duck  farm.  Not  only  is 
it  relished,  but  it  is  said  to  grow  so 
fast  in  some  places  that  the  ducks 
can  not  eat  it  out. 


f 


.    DESCRIPTION  OP  PLANT. 

Water-cress  (Sisymbrium  nastur- 
t%uni-aqu(Ui€um)  either  floats  in  the 
water,  rooted  only  at  the  lower  end, 
or  creeps  along  on  mud  or  in  shal- 
low water,  throwing  out  roots  at 
every  joint.  It  is  a  smooth,  fleshy 
plant,  with  divided  leaves  and  small 
white  flowers  (fig.  18).  The  leaves 
consist  of  3  to  9  symmetrically  ar- 
ranged oval  or  roundish  segments, 
of  which  the  apical  of  each  leaf  is  the 
lai^est.  The  pods  vary  from  one- 
habf  to  one  and  one-foiu-th  inches  in 
length,  are  slightly  curved,  and  con- 
tain numerous  small  seeds.  There 
13  a  constant  succession  of  flowers 
and  pods  throughout  the  growing 
season.  The  plant  sometimes  is 
strongly  tinged  with  olive-brown, 
suggesting  one  of  its  common  names, 
brown-cress.  Other  names  are 
well-cress  or  -grass,  water  -kers,  -kars, 
-karse,  or  -grass,  crashes,  and  brook- 
lime. 

DISTRIBUTION. 

Water-cress  occurs  practically 
throughout  the  United  States. 

PROPAGATION. 

Water-cross  usually  is  propagated 
by  seed.     This   may    be  obtained 
from  most  seedsmen.     The  plant  is  also  easily  transplanted  by  cut- 
tings.    It  grows  in  springs,  brooks,  small  streams,  and  shallow  ponds. 


Fig.  18.— Wat«r-cress. 
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Waters  in  which  it  is  found  are  usually  cool  and  have  some  current. 
It  may  be  sown  in  similar  situations  at  any  time  during  spring 
or  summer. 

WATER- WEED. 

VALUE   AS  DUCK   FOOD. 

Evidence  for  the  value  of  water-weed  is  of  the  same  natiu^e  as  for 
water-cress.  The  density  and  luxuriance  of  its  growth  are  such  that 
water-weed  maintains  its  stand  even  when  fed  upon  daily  by  a  lai^e 
number  of  ducks.  Small  quantities  of  the  plant  have  been  found  in 
stomachs  of  the  mallard,  blue-winged  teal,  and  goldeneye. 

DESCRIPTION   OF  PLANT. 

Water- weeds  (figs.  19  and  20)  have  long,  branching  stems  with 
luxuriant  foUage  and  are  of  a  beautiful  traiLslucent  green  color.     The 

leaves,  which  are  set  upon 
the  stem  in  whorls  of  from 
2  to  4  (usually  3),  vary 
from  ovate  to  strap-shaped, 
and  may  be  pointed  or  ob- 
tuse, and  are  sometimes 
finely  toothed.  They  are 
from  one-fourth  to  one  inch 
or  more  in  length  and  from 
one-twelfth  to  one-eighth 
of  an  inch  in  width.  The 
small  flowers  are  borne  on 
rather  long  stalks  and  open 
at  the  surface  of  the  water. 
The  fruit,  which  is  rare,  is 
few  seeded  and  ripens  un- 
der water. 

This    plant    was    intro- 
duced into  Great  Britain 
^     ,^    „  ■        ,    ,  .   ,  in  the  middle  of  the  nine- 

FiG.  19.— Water- weed.    A  compact  form. 

teenth  centiu-y,  and  spread 
rapidly,  making  such  rank  growth  that  it  soon  became  a  pest,  filling 
ornamental  waters,  mill  races,  and  canals.  It  became  known  there 
as  American  water- weed  and  Babington's  curse  (because  introduced 
by  a  botanist  of  that  name).  Otlier  names  applied  to  the  plant  are 
ditch-moss,  water-thyme,  thyme-weed,  cats-tails,  and  choke  pond- 
weed. 

Some  botanists  consider  that  there  are  several  different  species  of 
water-weed  in  the  United  States.  But,  having  in  nund  the  entirely 
different  aspect  wild  plants  of  water-weed  assume  when  transferred 
to  an  aquarium,  one  is  incUned  to  tliink  that  differences  in  the  forms, 
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which  have  been  thought  to  represent  distmct  species,  may  be  largely 
due  to  conditions  under  which  the  plants  were  grown. 

Water-weed  has  had  various  scientific  names  apphed  to  it,  and  the 
following  may  be  encountered  in  trade  catalogues:  Philotria,  Elodea, 
and  Anacharis,  The  specific  name  that  has  been  most  commonly 
used  in  this  country  is  canadensis.  Dealers  in  aquarium  plants  usually 
list  a  form  of  water-weed  known  as  Anacharis  canadensis  gigantea. 


Fig.  20.— Water-weed.    A  diffuse  form. 


DISTRIBUTION. 


Water-weeds  grow  naturally  throughout  moat  of  North  America. 

PROPAGATION. 

Water-weed  propagates  itself  from  pieces  of  leafy  stem  or  root.  It 
is  tenacious  of  Hfe,  and  if  shipment  in  good  condition  is  achieved,  no 
trouble  will  be  experienced  in  obtaining  a  stand  of  the  plant.  Bury 
the  roots  or  bases  of  stems  in  the  bottom  in  shallow  water  for  quick 
results.  The  plant  will  grow,  however,  if  only  thrown  in  water 
shallow  enough  (3  feet  or  less)  to  allow  it  to  send  roots  to  the  bottom. 
It  likes  a  loam  or  sandy  loam  and  does  not  grow  in  clay.  Either  still 
or  running  waters  are  suitable.  When  estabhshed  it  will  spread  to 
water  up  to  10  feet  in  depth. 
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COONTAIL. 

VALUE   AS   DUCK   FOOD. 

/ 

The  seeds  of  coontail  are  eaten  by  practically  all  wild  ducks,  but 
the  foliage  by  a  much  smaller  number  and  less  frequently.  Ducks 
known  to  feed  on  this  plant  are  the  following:  Hooded  merganser, 
mallard,  black  duck,  Florida  duck,  gadwell,  wigeon,  green-winged 
and  blue-winged  teals,  spoonbill,  pintail,  wood  duck,  redhead, 
canvasback,  little  and  big  bluebills,  ringneck,  goldeneye,  buffle-head, 
old  squaw,  white-winged  scoter,  ruddy  duck,  and  the  whistling  swan. 
The  following  instances  show  the  local  value  of  coontail  to  some  of 
these  species  of  ducks: 

About  30  per  cent  of  the  food  of  171  mallards  collected  about 
Mansura  and  Marksville,  La.,  from  October  to  December  consisted 

of  coontail,  and  as 
many  as  150  seeds 
were  found  in  a  sin- 
gle stomach.  Much 
more  than  the  ordi- 
nary proportion  of 
stems  and  leaves  of 
the  plant  were  taken 
by  these  birds. 

Another     illustra- 
tion of  foliage   eat^- 
ing  is   furnished   by 
8    mallards    and     1 
at  Big  Lake,  Arkansas, 
More  than  85  per  cent 
mallards  was  made  up 
ntail,  with  a  few  seeds, 
the  black  duck^s  food 

^^..^...w.  _  ^..^..^ y  of  coontail  foUage. 

Fio.  21.     oontei .     compact  orm.        Sixty-four  mallards  collected  at  Mene- 

sha,  Ark,  J  in  November  and  December,  1909,  had  fed  on  coontail  seeds 
to  the  extent  of  7.23  per  cent  of  their  diet.  Foiu-teen  of  the  same 
species  of  duck,  taken  at  Lake  Wapanoca,  Arktuisas,  in  November, 
1910,  had  eaten  enough  seeds,  with  a  little  foliage  of  coontail,  to 
form  on  the  average  more  than  half  of  their  food. 

The  plant  thus  has  considerable  local  value  as  a  wild-duck  food. 
However,  its  tendency  to  crowd  out  more  desirable  species  makes 
transplanting  unwise,  unless  in  particularly  difficult  cases  where  other 
plants  have  failed.  The  very  qualities  of  coontail  that  make  it  a 
nuisance  in  natural  waters  commend  it  to  duck  farmers. 
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DESCRIPTION   OP  PLANT. 

The  steins  of  coontail  {CeratophyUum  demersum)  are  thickly 
clothed  with  round,  dense  masses  of  foliage  (figs.  21  and  22),  which  in 
shape  amply  justify  the  common  name 
so  widely  used  in  the  South,  and  wliich 
is  here  adopted  for  the  plant.  Coontail 
is  a  submerged  plant,  but  only  excep- 
tionally is  it  attached  to  the  bottom,  as 
it  has  no  roots ;  it  usually  grows  in  rather 
quiet  waters  from  2  to  10  feet  deep. 
The  leaves  are  composed  of  slender  but 
rather  stiff  filaments,  twice  or  thrice 
forked,  and  sparingly  furnished  with 
small  acute  projections.  They  grow  in 
whorls  of  from  5  to  12,  and  are  usually 
much  crowded  on  the  upper  part  of  the 
stem. 

The  fruit  of  coontail  (fig.  23)  is  com- 
posed of  a  rather  large,  flattened  seed, 
wedge-shaped  at  one  end  and  rounded 
at  the  other,  inclosed  in  a  thin  covering 
which  bears  various  tubercles  on  the 
surface  and  spines  on  the  margin.  A 
common  form  has  one  spine  at  the  apex 
and  one  at  each  basal  angle  of  the  fruit. 
One  may  examine  many  plants  without 
finding  fruit ;  nevertheless,  the  frequency 
with  which  ducks  find  it  proves  that  a  ^'»«-  22.-coontau.  a  diffuse  form. 
good  crop  is  produced.  Coontail  is  known  also  as  homwort,  horn- 
weed,  morass-weed,  coontail  moss,  fish-blankets,  and  June  grass. 

DISTRIBUTION. 

Coontail  is  practically  cosmopol- 
itan and  occurs  throughout  all  but 
the  extreme  northern  parts  of  North 
America. 

PROPAGATION. 

Pieces  of  coontail  broken  off  from 
the  parent  plant  promptly  make 
new  colonies,  a  characteristic  which 
makes  transplanting  easy.  Care 
need  be  taken  only  to  see  that  the 
Fio.23.-fieeds  and  fruit  of  ooonteu.  plants    do   not  lose    their   vitahty 

either  through  drying  or  fermentation  during  shipment. 

Plant  in  quiet  water.  As  the  plant  has  no  roots,  it  is  enabled  to 
thrive  over  hard  or  sandy  bottoms  where  many  other  plants  can  not 
establish  themselves. 
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INTRODUCTION. 

The  United  States  ranks  as  one  of  the  principal  wool-producing 
coiuitries  of  the  world.  The  amount  of  wool  imported  by  Ameri- 
caa  manufacturers  is  equal  to  more  than  one-half  of  the  home-grown 
dip.  American  and  foreign  wools  are  often  oflFered  for  sale  at  the 
same  time  in  the  warehouses  of  Boston  and  other  wool-marketing  cen- 
ters. Some  American  wools  are  equally  as  valuable  as  the  best  foreign 
wools  of  the  same  class.  On  the  whole,  however,  the  appearance 
of  American  wools  compares  quite  unfavorably  with  that  of  most 
of  the  foreign  wools.  The  diflFerence  is  due  nearly  altogether  to 
the  growers*  methods  of  preparing  the  wool  for  shipment.  Foreign 
woolgrowers,  and  Australians  in  particular,  maintain  a  uniformly 
high  standard  in  the  handliog  of  their  wools.  This  care  in  preparation 
and  the  certainty  as  to  the  character  of  the  contents  of  the  bales  has 
given  their  wools  a  high  reputation  that  insures  their  bringing  full 
value  at  the  time  of  selling  to  the  manufacturer. 

Persons  familiar  with  the  buying  and  manufacturing  of  home- 
grown and  foreign  wools  assert  that  on  account  of  poor  preparation 

Note.— This  bulletin  discusses  the  preparation  of  wools  for  market  and  explains  the  effect  upon  the 
vatan  of  wool  of  the  factors  under  the  control  of  the  grower.    It  is  of  interest  to  all  sheep  owners. 
,  83237'— Bun.  206-15 1 
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foreign  matter  and  not  to  strength  or  color.  Wool  from  sheep  of 
the  breeds  that  have  been  bred  chiefly  for  fineness  and  weight  of 
fleece  carries  much  more  oil  than  that  from  so-called  coarse  breeds, 
or  'those  bred  for  mutton  and  having  wool  of  relatively  coarser  fiber. 
The  weight  of  a  heavy,  soggy,  greasy  fleece  may  gratify  the  grower, 
but  the  actual  commercial  value  depends  solely  upon  the  amount 
and  quality  of  the  clean,  scoured  wool.  American  breeders  as  a  rule 
consider  that  a  large  amount  of  oil  is  necessary  and  desirable  in  the 
production  of  a  fine  quality  of  wool.  It  is  true  that  our  best  woob 
come  from  fleeces  that  shrink  rather  heavily  from  oil.  At  the  same 
time  much  of  the  Ailstralian  wool  shrinks  very  much  less  than  that 
of  the  same  fineness  produced  in  this  country. 

Sand,  dust,  dirt,  burs,  and  seeds  also  lower  the  yield  as  wdl  as 
affect  the  value  of  the  clean  wool.  The  sand  present  is  due  to  the 
storms  that  are  experienced  in  some  parts  of  the  West.  An  instance 
is  related  of  a  sand  storm  making  it  necessary  to  suspend  operation 
at  a  shearing  corral  for  half  -an  hour.  At  the  end  of  that  time  the 
average  weight  of  fleeces  had  risen  from  6  to  9  poimds,  which  could 
hardly  be  attributed  to  growth  of  wool  dining  that  time.  It  is 
impossible  to  produce  other  than  heavy-shrinking  wools  upon  some 
of  the  sandy  ranges,  but  if  there  is  to  be  any  profit  from  the  opera- 
tion the  wools  must  be  of  good  character  otherwise. 

In  figuring  shrinkages  in  this  coimtry  there  is  no  conmaon  standard. 
Some  concerns  scour  cleaner  than  others,  and  scour  different  wools  to 
varying  degrees  of  cleanliness,  according  to  the  purpose  for  which 
they  are  to  be  used.  Neither  is  there  any  standard  as  to  the  amount 
of  moisture  present  after  the  wool  has  been  dried.  Hot  tests  are  taken 
immediately  after  the  wool  is  dried,  while  in  the  cold  tests  the  wool 
has  been  allowed  to  "condition,''  or  regain  moisture  for  a  time. 

The  dealers  often  have  sample  lots  scoured  for  their  own  informa- 
tion, and  the  mills,  before  buying,  may  also  make  a  test.  Sometimes 
the  shrinkage  in  the  two  tests  will  vary  from  1  to  2  per  cent,  it  being 
to  the  advantage  of  the  mill  to  get  out  every  vestige  of  grease  in 
such  a  test.  A  good  grader  is  supposed  to  estimate  within  1  per  cent 
of  the  actual  shrinkage.  It  has  been  said  that  short-fibered  wools 
shrink  2  to  3  per  cent  more  than  longer  ones  of  similar  character. 
This  statement  is  in  accord  with  what  one  would  naturally  suppose, 
but  there  are  no  available  data  to  show  this  amount  of  difference. 

Table  1  (prepared  by  the  National  Wool  Warehouse  and  Storage 
Co.,  of  Chicago)  indicates  the  important  part  that  shrinkage  plays 
in  fixing  prices.  At  the  top  are  the  prices  per  poimd  of  clean 
or  scoured  wool.  These  are  applicable  to  wools  worth  from  40  to  70 
cents,  which  limits  will  cover  all  ordinary  cases.  In  the  colmnn  to  the 
left  are  the  percentages  of  shrinkage.  These  run  from  65*ta  75. 
Take  a  case  of  clean  wool  being  worth  40  cents.     If  it  shrinks  60 
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per  cent  the  wool  is  worth  16  cents  in  the  grease.  On  the  other 
hand,  if  the  shrinkage  is  known  and  also  the  grease  yalue,  the  clean 
yalue  can  be  calculated  readily. 

Table  1. — Relative  prices  of  scovred  and  raw  tDOol  at  varying  percentages  of  shrinkage. 


Shiinka^ 


Price  of  clean  or  scoured  wool  (cents)— 


40      41       42      43       44       45       46      47      48      49      50      51       52      53      54       55 


Percent. 
«5 

sr 

» 

60 

a 

61. 

6i 

64 

6S 

•8. 

» 

6S 

61 

70 

n 

71. 

n. 

74 

» 


18.0 
17.6 
17.2 
16.8 
16.4 
16.0 
15.6 
15.2 
14.8 
14.4 
14.0 
13.6 
13.2 
12.8 
12.4 
12.0 
11.6 
11.2 
10.8 
10.4 

lao 


Ctt. 
18.4 
18L0 
17.6 
17.2 
16.8 
16.4 
16.0 
15.6 
15.2 
14.8 
14.3 
13.9 
13.5 
13.1 
12.7 
12.3 
11.9 
11.5 
li.O 

ia6 
ia2 


Cts. 
18w0 
18.5 
18.1 
17.6 
17.2 
16.8 
16.4 
16lO 
15.5 
15.1 
14.7 


Cts. 
19.3 
18.9 
18.5 
18.1 
17.6 
17.2 
16.8 
16.3 
15.9 
15.5 
15.1 


Ct9. 
19.8 
19.4 
18.9 
18.5 


Cts. 
20.2 
19.8 
19.3 

ia9 


18.0  18.4 


17.6 


18.0 


17.2  17.5 


16.7 
16.3 


17.1 
16w6 


15.8  16.2 


14.3  14.6 


13.9 
13.4 


14.2 
13.7 


13.0  13.3 


12.6 


12.9 


12.2  12.5 
11.8  12.0 


15.4 
15.0 
14.5 
14.1 
13.6 
13.2 


15.7 
15.3 
14.8 
14.4 
13.9 
13.5 


11.3 
10.9 
10.5 


11.6 
11.2 
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12.8  13.0 
12.2   1Z6 


11.9 
11.4 
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12.1 
11.7 
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Cts. 
20.7 
20.2 
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18.9 
18.4 
17.9 
17.5 
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16.4 
15.6 
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14.7 
14.3 
13.8 
13.3 
12.9 
12.4 


Cts. 
21.1 
20.7 
20.2 
19.7 
19.3 
18.8 
18.3 
17.9 
17.4 
16.9 
16.4 
16.0 
15.5 
15.0 
14.6 
14.1 
13.6 
13.1 
12.7 


Cts. 
21.6 
21.1 
20.6 
2a2 
19.7 


Cts. 
22.0 
21.6 
21.1 
20.6 
20.1 


19.2  19.6 


18.7 


19.1 


lai  18.6 
17.8  lai 


17.3 


17.6 


Cts. 
22.5 
22.0 
21.5 
21.0 
20.5 
20.0 
19.5 
19.0 
1&5 


as. 

22.9 
22.4 
21.9 
21.4 
20.9 
20.4 
19.9 
19.4 
18.9 


16.8  17.1 


18w0  18.4 


16.3 


16.7 


15.4 
14.9 
14.4 
13.9 
13.4 
13.0 
11. 9|  12.2  12.5 
12.0 


15.8   16.2 


11.5 


11.8 


15.7 
15.2 
14.7 
14.2 
13.7 
13.2 
12.7 
12.2 


17.6 
17.0 
16.5 
16.0 
15.5 
15.0 
14.5 
14.0 
13.5 
13.0 
12.5 


17.9 
17.3 
16.8 
16.3 
15.8 
15.3 
14.8 
14.3 
13.8 
13.3 
12.8 


CU. 
23.4 
23.9 
22.4 
21.8 
21.3 
20.8 
20.3 
19.8 
19.2 
18.7 


Cts. 
23.8 
23.3 
22.8 
22.3 
21.7 
21.2 
20.7 
20.1 
19.6 
19.1 


Cts. 
24.3 
23.8 
23.2 
22.7 
22.1 
21.6 
21.1 
20.5 
20.0 


Cts. 
24.7 
24.2 
23.7 
23.1 
22.6 
22.0 
21.5 
20.9 
20.3 


18.2  18.6  18.9 
18.3 
17.8 
17.3 


19.4  19.8 


17.7 
17.2 
16.6 
16.1 
15.6 
15.1 
14.6 


18.0 
17.5 
17.0 
16.4 
15.9 
15.4 
14.8 


19.3 
18.7 
18.2 
17.6 


16.7  17.1 


14.0  14.3 


13.5 
13.0 


13.8 
13.2 


16.2 
1617 
15.1 
14.6 


16.5 
16.0 
15.4 
14.9 


14.0  14.3 


13.5 


13.8 


Price  of  cleen  or  scoured  wool  (cents)— 


56 


57        58        59        60        61        62 


64        65        66        67        68        69 


70 


Perct, 

56 

» 

57 

» 

SB 

00 

«1 

S::;:: 

64 

6» 

06 

•7 

60 

60 

70 

71 

71 

73 

74 

75 


Cts. 
25.2 
24.6 
34.1 
23.5 
23.0 
22.4 
21.8 
21.3 
20.7 
2a2 
19.6 
19.0 
18L5 
17.9 
17.4 
1&8 
16.3 
15.7 
15.1 
14.6 
14.0 


CU. 
25.6 
25.1 
315 
23.9 
234 
22.8 
22.3 
21.7 
21.1 
20.5 
30.0 
19.4 
18.8 
18w3 
17.7 
17.1 
16.5 
16.0 
15.4 
14.8 
14.3 


CU. 
26.1 
25.5 
34.9 
24.4 
23.8 
33.3 
22.6 
22.0 
21.5 
2a9 
2a3 
19.7 
19.1 
18.0 
ISwO 
17.4 
16.8 
16.2 
15.7 
15.1 
14.5 


as. 

26^5 
26.0 
25.4 
24.8 
24.2 
23.6 
23.0 
22.4 
21.8 
21.2 

2a7 

20.1 
19.5 
18.9 

las 

17.7 
17.1 
16.5 
15.9 
15.3 
14.8 


CU. 
27.0 
26.4 
25.8 
25.2 
34.6 
24.0 
23.4 
22.8 
22.2 
21.6 
21.0 
20.4 
19.8 
19.2 
1&6 
18.0 
17.4 
16.8 
16.2 
15.6 
15.0 


CU. 
27.4 
26.8 
26u2 
25.6 
25.0 
24.4 
23.8 
23.2 
22.6 
22.0 
21.4 
20.7 
20.1 
19.5 
18.9 
18.3 
17.7 
17.1 
16.5 
15.9 
15.8 


CU. 
27.9 
27.3 
28w7 
36.0 
25.4 
24.8 
24.2 
23.6 
22.9 
22.3 
21.7 
21.1 
20.5 
19.8 
19.2 
1&6 
18.0 
17.4 
16.7 
16.1 
15.5 


CU. 
28.3 
27.7 
27.1 
26.5 
25.8 
25.2 
24.6 
23.9 
23.3 
22.7 
22.1 
21.4 
20.8 
20.2 
19.5 

ia9 

1&3 
17.6 
17.0 
16.4 
15.8 


CU. 
28.8 
28.2 
27.5 
26.9 
26.2 
25.6 
25.0 
24.3 
23.7 
23.0 
22.4 
21.8 
21.1 
20.5 
19.8 
19.2 
1&6 
17.9 
17.3 
16.6 
16.0 


CU. 
29.2 
28.6 
28.0 
27.3 
28.7 
26.0 
25.4 
24.7 
24.0 
23.4 
22.8 
22.1 
21.5 
20.8 
20.2 
19.5 
18.9 
18.2 
17.6 
16.9 
16.3 


CU. 
29.7 
29.0 
28.4 
27.7 
27.1 
26.4 
25.7 
26.1 
24.4 
23.8 
23.1 
22.4 
21.8 
21.1 
20.5 
19.8 
19.1 
18.5 
17.8 
17.2 
16.5 


CU. 
30.1 
29.4 
28.8 
28.1 
27.5 
26.8 
26.1 
25.5 
24.8 
24.1 
23.6 
22.8 
22.1 
21.4 
20.8 
20.1 
19.4 
18.8 
18.1 
17.4 
16.8 


CU. 
30.6 

sao 

29.2 
28.6 
27.9 
27.2 
26.5 
25.8 
25.2 
24.5 
23.8 
23.1 
22.4 
21.8 
21.1 
20.4 
19.7 
19.0 
18.4 
17.7 
17.0 


CU. 
31.0 
30.4 
29.7 
29.0 
28.3 
27.6 
26.9 
26.2 
25.5 
24.8 
24.2 
23.5 
22.8 
22.1 
21.4 
20.7 

2ao 

19.3 
18.6 
17.9 
17.3 


CU. 

31.5 

30.8 

80.1 

29.4 

28.7 

2&0 

27.3 

26.6 

25.9 

25.2 

24.5 

23.8 

23.1 

22.4 

21.7 

21.0 

20.3 

19.6 

ia9 

18.2 
17.5 


CLASSES  OF  WOOL. 

The  value  of  wool  is  influenced  more  or  less  by  its  lei^th  and  it  is 
classified  accordingly.  The  longer  wools  are  known  as  "combing'' 
and  the  shorter  ones  as  "clothing.''  These  classes  are  shown  in 
Plate  I.  This  classification  is  founded  upon  the  English  or  Bradford 
system  of  manufacture,  which  requires  a  wool  to  be  about  2  J  inches 
long  to  be  successfully  combed.  The  lower  grades  of  combing  wools 
are  usually  considerably  longer  than  this,  as  the  coarser  wool  generally 
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sorting,  and  yet  the  scoured  wool  contains  so  many  specks  that  it  is 
necessary  to  **hand  pick''  it.  This  process  costs  from  3  to  5  cents 
per  scoured  pound,  and  with  the  quantities  handled  by  this  firm 
in  one  year  the  expense  amounts  to  between  $8,000  and  $10,000. 
This  concern  will  pay  one-half  to  1  cent  extra  for  wool  suitable 
to  its  need  guaranteed  free  from  paint.  Another  manufacturer 
writes:  ''If  the  brand  marks  on  a  lot  of  wool  were  unfailingly  and 
altogether  soluble  it  would  enhance  its  value  to  us  about  one-fifth 
of  a  cent  per  pound,  the  usual  cost  of  cUpping.''  It  is  good  prac- 
tice to  cUp  off  the  brands  before  shearing. 

TAGS. 

Tags  are  worth  about  one-third  as  much  as  good  wool,  depending 
somewhat  upon  condition.  Ordinary  tags  shrink  much  more  in 
scouring  than  the  fleece  proper  taken  from  the  same  sheep.  Most 
cUps  have  the  tags  on  the  inside  of  the  fleeces.  In  buying 
wool  containing  tags  the  buyer  usually  discoimts  enough  so 
that  he  will  be  safe.  It  is  generally  better  to  remove  the  tags 
so  that  the  exact  amount  can  be  ascertained,  as  the  grower 
will  generally  fare  better  under  this  system.  It  must  be  admitted, 
however,  that  the  custom  of  discounting  1  per  cent  for  tags  even 
after  they  have  been  sacked  separately  does  not  recognize  the  value 
of  separate  sacking.  Another  very  serious  objection  to  allowing 
tags  to  remain  in  the  fleece  is  that  they  are  likely  to  stain  the 
surrounding  wool,  especially  when  it  is  wet. 

WET  WOOL. 

Wet  wool  has  been  known  to  ''take  fire,"  and  there  are  numerous 
instances  where  it  has  been  damaged  to  the  extent  of  from  1  to  2 
cents  per  pound.  The  damage  is  not  altogether  due  to  the  weak- 
ening of  the  fiber,  but  also  to  staining,  especially  when  there  are 
any  tags  present. 

Often  wool  must  be  hauled  for  long  distances  and  piled  up  along 
the  tracks  waiting  for  shipment.  In  such  case  it  is  sometimes  sub- 
jected to  heavy  rain,  and  while  the  bags  apparently  dry  out  where  the 
air  has  access,  there  is  no  chance  for  drying  inside  the  pile.  When  the 
bags  once  become  wet  it  often  takes  months  for  them  to  dry  out.  It 
is  said  that  as  much  as  10  per  cent  of  the  wools  from  one  of  the  western 
States  was  damaged  by  moisture  in  1913. 

WOOL  CONTAINING  BURS. 

Burry  fleeces  should  be  separated  from  the  others  if  there  are  very 
many  burs  present.  The  hard  burs  can  usually  be  knocked  out  during 
the  process  of  manufacture  with  a  little  extra  work,  but  the  soft  burs 
entail  considerable  extra  expense.     They  often  open  up  in  a  spiral  or 
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Combing  (Upper)  and  Clothing  (Lower)  Wools. 
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FiQ.  1  .—Frowzy  Wool. 


Fig.  2.— Tender  Wool,  Showing  Break. 
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corkscrew  shape  and  can  not  be  separated  in  carding.  Such  wools 
may  be  run  through  a  bur  picker,  which,  together  with  the  bur  guards 
on  the  card,  removes  them.  In  the  shorter  extremely  bttrry  wools 
the  process  of  carbonizing  is  practiced.  This  consists  of  treating  with 
sulphuric  acid  or  aluminum  chlorid  and  heating  to  about  200°  F. 
The  burs  and  v^etable  matter  are  charred  and  then  removed  by 
crushing  and  dusting.  The  process  costs  from  1 J  to  3  cents  a  pound 
and  results  in  an  average  loss  of  about  10  per  cent  in  weight.  Often 
the  shrinkage  due  to  burs  is  much  more  than  this.  Combing  wools 
that  are  extremely  burry  are  rarely  if  ever  carbonized,  as  this  injures 
the  wool  to  a  certain  extent,  even  under  the  most  favorable 
circumstances. 

IMPROPER  TYING  OF  FLEECES. 

The  evil  of  tying  the  fleeces  with  sisal  twine  is  constantly  recurring. 
Volumes  have  been  written  against  this  curse  of  the  wool  trade,  but 
it  is  continually  coming  up  again,  although  of  late  years  it  has  not  been 
so  uniformly  common.  The  '* fleece"  or  farm  wools  are  worse  in  this 
respect  that  the  '^Territory."  A  discrimination  in  price  of  from  1  to  5 
cents  a  pound  and  the  refusal  of  some  dealers  to  handle  wool  thus  put 
up  have  not  eliminated  this  practice.  The  pieces  of  sisal  twine  adhere 
to  the  wool  through  the  processes  of  manufacture  and  seriously  injure 
the  finished  fabric.  The  laige  rough  jute  twine  is  also  undesirable 
because  of  the  fibers  coining  off  in  the  fleeces.  Growers  should  insist 
on  having  the  fleeces  in  compact  bundles  that  will  not  open  in  the 
ordinary  processes  of  packing. 

jLocA:«.— ^Locks  are  loose  pieces  of  wool  that  fall  out  when  the  fleeces 
are  handled.  They  may  represent  some  of  the  best  quaUties  of  the 
wool,  but  because  of  their  being  in  small  pieces  they  are  difficult  to 
sort,  hence  the  buyers  object  to  them  when  they  are  present  in  large 
quantities.     Their  presence  can  be  avoided  by  proper  tying. 

PACKING  THE  BUCK  FLEECES. 

Probably  the  average  sheepman  can  see  no  reason  for  keeping  the 
bucks'  fleeces  separate;  nevertheless  there  is  one.  These  fleeces, 
especially  among  the  fine  and  medium  wooled  sheep,  are  considerably 
heavier  in  grease,  and  it  is  imdesirable  to  have  too  great  a  variation 
in  shrinkage  among  fleeces  of  one  grade.  The  buck  fleeces  are  as  a 
rule  easy  to  detect;  they  are  large,  have  a  strong,  musky  odor,  and 
the  yolk  of  the  fleece  has  a  greenish  cast.  The  statement  has  been 
made  that  the  spinning  qualities  of  bucks'  fleeces  are  also  lower,  but 
there  are  no  good  grounds  for  this  contention.  A  discount  of  50  per 
cent  is  often  charged  against  the  buck  fleeces  in  western  selling  con- 
tracts. Discrimination  to  this  extent  is  seldom  warranted  for  buck 
fleeces  sold  in  the  grease. 

83237'— BuU.  20fr-lS 2  • 
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BLACK  WOOL. 

No  other  of  the  '*off  sorts*'  do  more  damage  by  being  packed  with 
the  other  wool  than  the  black  fleeces.  After  wool  has  been  packed  in 
bags  for  a  time  the  fleeces '  'freeze  *'  together  more  or  less ;  that  is,  locks 
from  one  fleece  adhere  to  neighboring  ones.  A  lock  of  black  wool 
in  any  wool  intended  for  white  goods  is  capable  of  doing  mitold  dam- 
age. To  be  sure,  not  all  wool  goes  into  white  goods,  but  the  dealer, 
when  he  is  having  the  wool  graded,  often  does  not  know  to  whom  it  will 
be  sold,  nor  for  what  purposes  it  wiU  be  used.  The  only  way  to  be  safe 
is  to  pick  off  all  the  black  locks  from  the  adjacent  fleeces.  Black  wool 
has  been  in  demand  for  making  a  natural  gray  in  the  past,  but  at  the 
present  time  it  is  not  especially  sought  after  and  it  sells  at  from  1  to  2 
cents  a  pound  less  than  the  corresponding  grade  of  white  wool.  When 
shearing  takes  place  the  blacks  should  be  cut  out  and  sheared  by 
themselves,  and  their  wool  packed  separately  and  so  labeled. 

COTTED  OR  MATTED  FLEECES. 

The  badly  cotted  or  matted  fleeces  should  be  placed  separately, 
because  it  is  necessary  to  run  them  through  an  opener,  which  is  not 
done  with  ordinary  wool.  This  necessarily  causes  the  breakage  of 
fibers  to  increase.  There  are  really  two  kinds  of  cotts,  hard  and  soft. 
A  soft  cott,  if  it  is  not  in  too  bad  condition,  may  go  through  with  the 
other  wool. 

EFFECTS  OF  DIPPING. 

The  effects  of  dipping  upon  wools  are  not  always  the  same.  In  the 
Southwest,  where  there  is  considerable  sand  and  dirt  in  the  fleeces,  it 
tends  to  Ughten  them,  while  in  the  Northwest  it  is  said  that  dipping 
increases  the  weight.  Most  of  the  dips  that  have  been  used  do  not 
have  any  very  harmful  effect  upon  the  wool,  but  dealers  and  manu- 
facturers claim  that  Ume-and-sulphur  and  caustic-soda  dips  are 
harmful.  However,  no  tests  have  been  made  in  America  upon  the 
spinning  qualities  of  dipped  and  undipped  wools. 

HAND  AND  Mi^G^INE  SHEARING. 

The  practice  of  hand  shearing  is  still  quite  common  in  parts  of  the 
West.  Ridges  of  wool  are  left  over  the  sheep's  body,  and  the  short 
wool  of  the  head  and  belly  is  largely  left  on  the  sheep.  Much  of  the 
wool  is  shorter  than  it  would  be  if  machine  shorn,  and  a  considerable 
portion  of  it  is  double  cut.  The  large  amount  of  short  and  cut 
fibers  results  in  a  greater  percentage  of  noil  in  the  combing  wools 
and  reduces  their  value  accordingly.  Many  wools  grade  as  clothing 
instead  of  combing  solely  because  of  being  hand  shorn. 

In  some  sections  where  rapid  changes  of  weather  are  experienced, 
the  sheepmen  object  to  machine  shearing  on  the  ground  that  the 
sheep  wfll  blister  during  hot  weather  if  shorn  too  closely.     Losses 
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due  to  a  cold  wave  following  dose  shearing  have  also  been  reported. 
However^  machine  shearing  does  not  necessarily  mean  close  shearing, 
as  thicker  combs  can  be  used  and  the  fiber  cut  at  a  greater  distance 
from  the  skin;  but  it  does  insure  more  imiformity.  A  great  deal  of 
the  prejudice  against  machine  shearing  has  been  aroused  by  im- 
proper handling  of  the  machines. 

PACKING  WOOL. 

Packing  lamb,  ewe,  and  wether  fleeces  together  miUtates  against 
higher  prices  for  wool.  Lambs'  wool  is  usually  more  valuable  be- 
cause of  lighter  shrinking  qualities  and  because  of  the  fact  that  it 
will  spin  higher  than  wool  from  older  sheep.  Sewing  the  bags  with 
sisal  or  other  imsuitable  twine  also  creates  a  bad  impression  in  the 
mind  of  the  buyer,  as  there  is  always  the  possibihty  of  the  sisal 
fiber  getting  into  the  wool  and  causing  damage.  Much  wool  is  lost 
through  the  bursting  of  the  bags.  This  is  caused  by  the  use  of  poor 
twine.  A  stronger  twine  used  for  sewing,  such  as  Andover  six-ply, 
is  recommended  for  this  purpose.  Examples  of  poor  packing  are 
shown  in  Plate  IV. 

Packing  dead  wool  (wool  from  dead  sheep)  with  good  wool  is  also 
far  too  common.  The  dead  wool  is  usually  worth  about  half  as  much 
as  the  corresponding  grade  of  good  wool.  Another  feature  in  bad 
packing  that  should  be  discouraged  is  the  tying  of  the  fleeces  to- 
gether. In  many  cases  the  two  fleeces  are  not  of  the  same  grade 
and  they  must  be  separated  by  the  grader  before  being  assigned  to 
any  pile. 

Occasionally  one  hears  of  frauds  being  practiced  by  putting  ston^, 
etc.,  in  the  center  of  a  fleece  or  sprinkling  sand  over  the  wool  after  it 
is  shorn,  but  the  actual  cases  of  this  kind  are  very  rare.  It  is  true 
that  foreign  materials  have  been  found  in  wool  sacks,  varying  from 
spectacles  to  oil  stones,  but  such  occurrences  are  more  often  due  to 
accident  than  to  intent  to  defraud. 

WOOL  GRADING. 

Most  American-grown  wool  13  sacked  just  as  the  fleeces  come  from 
the  sheep  and  sold  at  home  to  dealers.  Before  offering  wool  to  the 
manufacturer  the  dealer  makes  up  from  his  various  purchases  a  num- 
ber of  piles,  each  containing  only  fleeces  of  similar  character  and 
value.  This  work  constitutes  grading  and  should  not  be  confused 
with  the  sorting  done  at  the  mill.  In  the  dealer's  warehouse  the 
fleeces  are  not  untied,  but  are  graded  on  the  basis  of  judgment  of 
the  fleece  as  a  whole.     (Plate  V.) 

The  grading  itself  is  an  art  with  which  few  American  sheepmen 
are  familiar,  yet  it  has  many  points  of  interest  for  them.  Passing 
through  the  lofts  and  merely  seeing  the  fleeces  go  over  the  grading 
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board  is  not  enough  to  give  one  an  insight  into  the  complexity  of  a 
trade  that  requires  at  least  three  years'  apprenticeship.  Days  and 
even  weeks  must  be  spent  there  before  the  importance  and  signifi- 
cance of  nmnerous  points  that  arise  can  be  appreciated. 

The  grade  has  much  to  do  with  fixing  the  price  of  wool,  and  every 
woolgrower  should  be  competent  to  know  how  his  own  wool  will 
grade  in  the  market.  The  various  grades  are  described  later  on  in 
connection  with  the  market  report  following  the  outline  of  the  work 
of  the  grader.  Some  cUps  of  finer  wools,  very  uniform  in  character, 
are  resold  to  the  manufacturer  in  the  original  bags.  This  is  practi- 
cable when  the  mill  produces  a  variety  of  fabrics  for  which  different 
grades  of  wool  are  required.     (Plate  VI.) 

AT  THE  GRADING  TABLE. 

About  the  grading  table  or  board  are  a  number  of  lai^e  baskets  or 
box  trucks,  one  for  each  grade.  The  wool  sacks  are  rolled  up  by 
the  table,  the  ends  and  one  side  ripped  or  cut  down,  depending  upon 
the  kind  of  sewing,  and  the  fleeces  tinned  out  in  a  roll.  The  fleeces 
are  separated  by  helpers,  who  throw  them  upon  the  table.  Other 
helpers  bring  up  the  bags  and  empty  the  baskets  containing  the 
graded  fleeces,  piling  them  ceiling  high  where  the  wool  can  be  ex- 
amined by  the  prospective  buyers. 

The  different  grades  are  merely  arbitrary  divisions  more  or  leas 
clearly  recognized  and  defined  in  trade.  There  is  some  variation  from 
year  to  year  and  among  the  different  houses.  The  mills  often  have  a 
higher  standard  of  qualities  than  the  dealers,  and  the  "half-blood" 
of  the  dealer  may  represent  the  millman's  idea  of  a  '^three-eighths 
blood.''  Fineness  is  the  dominant  factor;  but  many  other  things  are 
considered  in  grading. 

The  grader  does  not  determine  fineness,  as  might  be  supposed  by 
examination  of  individual  fibers.  The  handling  of  innumerable  fleeces 
has  given  him  an  intuitive  sense  of  quality,  so  that  he  accomplishes 
in  an  instant  what  would  take  an  untrained  person  a  much  longo* 
time.  For  example,  say  that  a  half-blood  combing  fleece  has  been 
thrown  upon  the  board.  This  grade  has  in  general  certain  charac- 
teristics, such  as  a  certain  degree  of  crimp  (the  finer  the  crimp  the 
finer  the  wool,  except  in  very  fine  wool),  and  a  certain  arrangement 
of  the  fibers  in  locks  or  staples  that  the  grader  notes  as  soon  as  hffi 
eye  rests  upon  it.  This  gives  him  something  as  a  guide,  but  the  grade 
is  not  yet  decided.  When  his  hands  come  in  contact  with  the  fleece 
he  has  another  source  of  information.  The  feel  of  the  different  grades 
is  more  or  less  characteristic,  and  this  sense  is  highly  developed  in  the 
grader.  Illustrating  this,  a  blind  buyer  formerly  operated  upon  the 
market  with  considerable  success.  He  could  not  only  make  pur- 
chases and  distinguish  the  grade  by  the  touch,  but  by  the  odor  he 
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could  also  tell  the  section  of  the  couiitry  from  which  some  wools  came. 
Finer  wools  usually  shrink  more  than  coarser  wools,  and  too  wide  a 
range  of  shrinkage  is  not  desired  in  any  grade,  as  the  scouring  liquor 
is  made  up  of  a  strength  suitable  for  the  average  shrink  of  the  grade; 
thus  a  higher  shrinking  fleece  would  not  be  suitably  scoured. 

The  grader  knows  also  that  a  half-blood  fleece  usually  shrinks 
around  60  per  cent,  depending  upon  the  season  and  the  location 
where  grown.  If  the  fleece  in  question  is  heavier-shrinking,  say  65 
per  cent,  the  grader  will  probably  take  a  second  look  to  be  sure  that 
he  has  not  ''lost  his  eye."  If  his  first  impression  as  to  fineness  was 
correct  and  the  fleece  is  typically  half-blood,  or  perhaps  a  trifle  high, 
it  will  probably  be  thrown  a  grade  higher,  that  is,  fine  medium,  on 
account  of  its  heavy  shrinking  qualities.  The  next  fleece  might  offer 
another  problem.  Say  this  one  is  what  is  known  as  a  "line'*  fleece. 
It  is  midway  between  the  three-eighths-blood  and  the  quarter-blood. 
It  can  go  either  way.  The  chances  are  that  if  the  three-eighths-blood 
wool  has  been  sold  and  the  dealer  is  well  satisfied  with  the  sale,  this 
fleece  wiU  find  a  resting  place  on  the  three-eighths-blood  pile.  Other 
conditions  might  decree  it  to  be  a  quarter-blood.  If  the  market  de- 
mands for  three-eighths-blood  wool  were  high  and  the  supply  a  trifle 
short  there  would  also  be  some  ''crowding"  of  the  grades  and  the 
three-eighths-blood  as  a  whole  would  probably  average  a  Uttle  lower. 
There  are  also  "line"  fleeces  midway  between  combing  and  clothing. 
These  are  sometimes  made  into  a  separate  grade  known  as  French 
combing.  It  is  thus  seen  that  the  grades  manifest  more  or  less  elas- 
ticity, depending  upon  market  conditions. 

Another  fleece  might  be  puzzling  because  of  the  wool  of  the  "  britch" 
being  much  coarser  than  that  of  the  shoulder.  For  example,  the 
shoulders  might  be  half-blood  quality  or  higher,  while  the  "britch" 
was  quarter-blood.  The  grader  would  simply  use  his  best  judgment 
and  trust  to  chance  that  the  fleece  would  remain  as  he  throws  it. 
At  best  the  grades  can  only  contain  fleeces  which  contain  a  large  pro- 
portion of  the  quality  of  wool  represented  by  the  grade  names. 
Graded  wool  ready  for  sale  is  shown  in  Plate  V,  figiure  2. 
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MARKET  GRADES. 


The  following  is  a  copy  of  a  common  form  of  market  report  as  pub- 
lished in  trade  and  agricultural  papers  in  November,  1914: 


BOSTON  WOOL  MARKET. 

Domestic  Wools. 

ohio  and  pennsylvania  fleeces. 

Delaine  washed 28  @  29 

XX 27  @28 

Tine  unmerchantable 25  @.. 

J -blood  combing 28  @,  29 

i -blood  combing 28  @  29 

i-blood  combing 26i  @  27} 

i,  3,  J  clothing 23  @  .. 

Delaine  unwashed 23  @  24 

Fine  unwashed 23  @  24 

Common  and  braid 23  («/  24 

MICHIGAN    AND    NEW    YORK   FLEECES. 


Fine  unwashed 

Delaine  unwashed . . 
}-blood  unwashed.. 
I-blood  unwashed. . 
i-blood  unwashe<l. . 

i,  J,  i  clothing 

Common  and  braid. 


23  @  .. 
21i  @  22 
27  ®28 
©28 
@27 
@22 
©24 


27 
26 
21 
23 


BOSTON  WOOL  MARKET— Contd. 
Scoured  Basis. 

TEXAS. 

Fine  12-month8 56  @  58 

FineS-months 53  @  54 

Fine  Fall 45  @47 

CALIFORNIA. 

Northern 54  @  55 

MiddleCounty 51  @  52 

Southern 48  @  50 

Fallfree 46  @48 

Fall  defective 38  @40 


Eastern  No.  1  staple 60  @.. 

Eastern  clothing 57  ©  58 

Valley  No.  1 48  ©50 

Valley  No.  2 44  ©45 

Valley  No.3 39  ©40 

TERRITOBY. 

Fine  staple 60  ©62 

Fine  medium  staple 58  ©  60 

Fine  clothing 57  ©  58 

Fine  medium  clothing 55  ©57 

}-blood  combing 59  ©  60 

I -blood  combing 49  ©51 

i-blood  combing 53  ©54 


WISCONSIN    AND   MISSOURI. 

j-blood 26  ©27 

i-blood 26  @26J 

Braid 22  ©23 

Black,  burry,  seedy  cotts 18  ©  19 

Georgia 22  ©  . . 

KENTUCKY   AND   SIMILAR. 

J-blood  unwashed 28    ©  . . 

J-blood  unwashed ©28 

i-blood  unwashed 27    ©  . . 

Common  and  Braid 23    ©24 

DOMESTIC  WOOUi. 

Ohio  and  Pennsylvania. — In  the  foregoing  report,  which  is  typical 
for  American  wools,  the  Ohio  and  Pennsylvania  fleeces  head  the 
Ust.  These  really  include  the  West  Virginia  dip  also.  The  fine 
wools  from  these  States  are  the  strongest  in  the  world  and  they  are 
the  most  valuable  of  American  wools.  More  than  half  of  the  flocks 
are  of  Merino  breeding.  The  sheep  pasture  upon  well-covered  sod 
land  and  the  wools  contain  little  sand  or  dirt.  The  entire  shrinkage 
is  therefore  due  to  the  natural  grease.  A  complete  classification  of 
these  wools  is  as  follows: 
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COMBING   WOOLS. 


Delaine. 
Half-blood. 
Three-eighths-blood . 
Quarter-blood. 
Low  quarter-blood. 
Braid. 


CLOTHING   WOOLS. 

XX  and  X,  washed  or  fine  unwashed. 
Half-blood  clothing. 
Three-eighths-blood  clothing. 
Quarter-blood  clothing. 


All  of  the  above  grades  are  not  always  given  in  the  market  report. 
Sometimes  not  all  of  them  are  to  be  fomid  upon  the  market  and 
they  are  eliminated. 

Many  years  ago  there  were  two  higher  grades,  Picklock  and  XXX, 
representing,  respectively,  the  wool  of  the  Silesian  Merino  and  the 
American  and  Silesian  Merino  cross.  These  grades  are  no  longer 
used  upon  the  market,  but  they  are  occasionally  seen  in  some  of 
the  mills  making  very  fine  woolens.  More  often  these  qualities 
occur  only  as  sorts  representing  parts  of  fleeces.  The  amount  of 
this  wool  produced,  however,  is  very  small  and  is  still  diminishing. 

The  XX  grade  represents  the  fineness  or  quaUty  of  an  ideal  Amer- 
ican Merino.  Delaine  wools  are  combing  wools  of  this  and  of  X 
quality.  Sometimes  they  are  quoted  Fine  Delaine,  being  X  quality 
and  above,  and  Medium  Delaine,  being  about  half  blood  in  quality. 
They  are  not  necessarily  from  the  Delaine  type  of  Merino.  The 
X  quality  is  supposedly  the  wool  from  a  sheep  containing  three- 
quarters  Merino  blood.  It  is  sometimes  referred  to  as  three-quarters 
blood.  Market  usage  has  decreed  that  XX  and  X  as  grade  names 
shall  be  used  only  in  referring  to  washed  clothing  wools,  but  the 
terms  are  sometimes  used  to  indicate  the  same  degrees  of  quality  in 
other  wools.  Fine  unwashed  contains  these  same  qualities,  but  these 
wools  are  heavier  shrinking. 

Half-blood,  three-eighths-blood,  and  quarter-blood  grades,  as  the 
terms  were  coined,  referred  supposedly  to  wools  from  sheep  of  half, 
three-eighths,  and  quarter  Merino  blood,  but  they  have  no  such 
significance  now.  Wools  grading  as  high  as  half  blood  can  come 
from  sheep  having  no  trace  of  Merino  blood;  the  purebred  South- 
down, for  instance,  produces  wool  that  sometimes  grades  that  high, 
and  this  breed  has  been  kept  pure  from  outside  blood  for  centuries. 
On  the  other  hand,  quarter-blood  would  rarely  come  from  a  sheep 
containing  any  Merino  blood.  Low  quarter  blood  is  a  grade  lower 
than  quarter  blood,  and  braid  is  the  lowest  grade  of  all.  It  usually 
refers  to  luster  wool,  such  as  might  come  from  a  Lincoln  or  a  Cotswold 
sheep. 

Washed  wools. — ^The  practice  of  washing  the  sheep  has  given  rise 
to  the  terms  of  washed,  immerchantable,  and  imwashed.  The 
unmerchantable  wool  is  not  imsalable  wool,  but  that  which  has  been 
poorly  washed — sometimes  the  sheep  are  merely  **  driven  through  the 
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creek.''  Such  fleeces  slirink  more  than  those  properly  washed  and 
could  not  be  fairly  placed  m  an  offermg  of  washed  wool,  as  their  loss 
in  scouring  would  be  much  greater.  Fleeces  may  be  unmerchantable 
for  other  reasons.  These  terms  do  not  always  mean  that  the  washing 
operation  has  actually  taken  place,  the  practice  of  washing  being  on 
the  decline,  but  sometimes  refer  solely  to  shrinkage.  The  washed 
wools  are  lighter  in  color  and  condition,  shrinking  3  or  4  per  cent 
less  than  the  unmerchantable,  and  the  latter  shrinks  about  the  same 
amount  less  than  the  \mwashed. 

Michigan  and  New  YorJc. — ^Michigan  and  New  York  have  the 
same  classiflcation  and  the  wools  are  quite  similar,  some  of  them 
being  fully  as  good  as  Ohio  and  Pennsylvania  wools.  As  a  whole, 
however,  they  are  not  quite  up  to  this"  standard.  The  wools  from 
the  above  States  are  quite  frequently  spoken  of  as  the  ''fleece," 
*' domestic, ''  '* native,''  or  **farm"  wools. 

Kentucky  and  similar, — Kentucky,  Indiana,  Missouri,  and  Wiscon- 
sin wools  are  not  so  fine  in  character.  They  rarely  grade  higher 
than  half  or  three-eighths  blood,  as  most  of  the  sheep  are  t)f  the 
mutton  type.  The  pasture  is  much  the  same  as  in  the  "fleece" 
wool  States.  The  term  ** bright"  is  sometimes  appUed  to  the  wools 
of  these  States. 

Parts  of  Tennessee  and  Virginia  are  given  over  to  the  spring-lamb 
industry  and  they  produce  some  wools  of  a  medium  quality.  Much 
of  it  is  consumed  by  local  knitting  mills.  This  is  some  of  the  lightest 
shrinking  wool  in  America,  some  of  it  not  going  higher  than  35  per 
cent.  Georgia  and  some  of  the  other  Southern  States  produce  some 
rather  coarse,  Ught-shrinking  wools. 

SCOUBED  BASIS. 

Texa^, — Wool  from  Texas  and  the  "territories"  is  usually  quoted 
on  a  scoured  basis.  The  reason  for  this  is  that  there  is  such  a  wide 
variation  in  shrinkage  in  different  localities  and  also  from  season  to 
season  that  the  clean  basis  is  more  satisfactory.  In  Texas  shearing 
twice  a  year  is  often  practiced.  These  short  wools  are  probably 
the  best  American  felting  wools.  They  are  also  highly  r^arded  in 
certain  branches  of  woolen  manufacture.  The  12-months  clip  of 
Texas  is  probably  as  near  the  Ohio  type  of  wool  as  any  western  wooL 
The  Merino  blood  is  stiU  strongly  dominant  here.  These  wools 
sometimes  shrink  as  low  as  56  to  58  per  cent.  The  average  for  the 
entire  State,  however,  has  been  estimated  at  66  per  cent.  The  spring 
and  fall  Texas  wools  come  to  market  imtied. 

California. — ^The  California  wools  are  quoted  as  northern,  middle, 
and  southern  counties.  The  northern  counties  wool  usually  repre- 
sents a  year's  growth,  and  is  the  most  valuable.  In  the  middle  and 
southern  coimties  the  wool  shrinks  more,  and  shearing  is  often  prac- 
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FiGL  1. -Grading  Wool  at  Warehouse. 


FiQ.  2.— Graded  Wool  Ready  for  Sale. 
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FlQ.  I.-COMBINQ  OR  STAPLE  WoOL  OF  "FiNE"  GRADE. 


FiQ.  2.—HALF- Blood  Combing  Wool.  ^  , 
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FiQ.  1 .— Three-Eiqhths-Blood  Combing  Wool. 


Fia  2.-QUARTER-BL00D  COMBINQ  W^^^^ed  by  GoOglC 
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ticed  twice  a  year.  There  are  spring,  or  8  months,  and  fall,  or  6 
months,  wools  from  these  sections.  The  spring  wool  is  usually  longer 
and  it  shrinks  less  than  the  fall.  Both  spring  and  fall  wools  are 
highly  regarded  for  felting  purposes.  This  is  due  to  the  fact  that  they 
contain  a  high  percentage  of  Merino  blood  and  also  to  the  fact  that 
they  are  short.  In  the  southern  part  of  the  State  the  mestiza  bur 
is  very  common  and  many  of  the  wools  contain  it  in  varying  quanti- 
ties. These  wools  are  quoted  as  "defective"  in  distinguishing  them 
from  the  "free"  wools.  This  bur  can  not  be  removed  by  mechanical  , 
means;  hence  the  wools  must  be  carbonized.  The  short  wools  are 
not  tied  up  in  fleeces,  but  come  to  market  in  a  loose  condition.  Some 
of  the  California  wools  are  baled  to  facilitate  shipping. 

Oregon  wools. — Oregon  produces  some  excellent  wool,  though  it  is 
somewhat  high  in  shrinkage.  The  best  of  it  will  grade  80  per  cent  of 
staple  or  combing  wool.  Excepting  the  valley  wool,  it  is  largely  of  a 
fine  and  fine-medium  character.  The  Lakeview  wools  of  this  State 
are  sometimes  spoken  of  separately.  The  valley  wools  are  quite 
different  from  the  ordinary  cUp.  They  are  largely  from  long-wooled 
sheep.  They  are  quoted  as  valley  No.  1,  No.  2,  and  No.  3,  correspond- 
ing roughly  to  half-blood,  three-eighths-blood,  and  quarter-blood, 
respectively.  These  numbers  heve  this  same  general  significance 
when  applied  to  wools  from  other  sections.  The  valley  wools  are 
somewhat  akin  to  the  luster  wools  of  England.  Some  buyers  claim 
that  the  heavy  rainfall  of  the  valley  discolors  the  wool  to  a  certain 
extent,  but  others  deny  this.  These  wools  are  the  only  western  wools 
that  lose  weight  imder  normal  conditions  when  being  shipped  east. 
They  lose  from  1  to  2  per  cent.  Most  other  wools  if  dry  when 
shipped  gain  this  amoimt  or  even  more  in  transportation. 

TERRrrORT  WOOUi. 

Under  "territory  wools"  are  grouped  all  those  wools  produced 
west  of  the  Missouri  River,  and  they  derived  their  name  from  the  fact 
that  this  section  of  the  country  waa  formerly  made  up  of  Territories 
in  distinction  to  the  States  of  the  central  and  eastern  sections.  Cer- 
tain of  the  wools,  however,  have  more  or  less  distinct  characteristics 
which  separate  them  from  the  main  lot,  and  they  are  no  longer 
included  in  the  territory  wools.  Among  these  are  the  cUps  of  Cali- 
fornia, Oregon,  Texas,  Arizona,  and  New  Mexico. 

The  States  that  produce  the  territory  wools — ^Montana,  Wyoming, 
Idaho,  Utah,  Nevada,  Colorado,  and  Washington — are  in  the  main 
the  range  States.  A  great  deal  of  fine-wool  blood  is  present  in  the 
flocks,  but  the  use  of  medium  and  long  wool  mutton  rams  is  steadily 
increasing,  and  this  is  having  its  effect  upon  the  character  of  wool 
produced.     Considerable  sections  of  the  range  are  more  or  less  sandy 
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and  the  grass  is  not  as  thick  as  in  the  central  and  eastern  part  of  the 
country.  The  wind  blows  with  considerable  force,  creating  sand 
storms  in  some  sections,  and  much  sand  and  dirt  are  deposited  upon 
the  sheep.  These  conditions  give  rise  to  a  heavy-shrinking  wool,  as 
would  naturally  be  expected.  The  wools  containing  sand  usually 
shrink  more  than  those  containing  mountain  dirt.  Occasional  fleeces 
from  this  district  shrink  more  than  80  per  cent,  and  the  average  for 
the  different  States  ranges  from  63  to  70  per  cent.  There  is  often 
considerable  variation  in  shrinkage  from  year  to  year  in  the  wools 
from  any  particular  locality.  When  there  has  been  snow  on  the 
groimd  during  the  winter,  the  clips  are  often  5  per  cent  lighter  than 
when  the  range  is  bare.  The  selling  of  territory  wools  upon  the  mar- 
ket is  consequently  upon  a  dean  or  scoured  basis. 


Classiffication  and  grade*  of  territory  wools. 


COMBING. 


f  ustially  one  grade. 


Fine  staple 
Fine  medium  staple. 
Half-blood  staple. 
Three-eighths-blood  staple. 
Quarter-blood  staple. 
Lowquarter-blood  staple. 
Coarse,  common,  low,  or  [often  one  grade, 
braid. 


iple.l 
ff  ocVoti 


CLOTHINa. 


Fine  clothing.  I        ., 

Fine  medium  cloUung.l"^"^  ^'^^S^d^- 
Half-blood  clothing. 
Three-eighths-blood  clothing. 
Quarter-blood  clothing,  or  short  quarter- 
blood. 


Practically  all  three-eighths-blood  and  quarter-blood  wools  are  of 
combing  length. 

The  term  '*  staple '^  as  applied  to  a  territory  wool  refers  to  a  comb- 
ing wool.  "Ordinary"  is  sometimes  used  to  designate  clothing  wool 
in  this  section  instead  of  referring  to  quality.  The  terms  of  fine,  fine 
medium,  medium,  and  low  medium  have  arisen  and  are  used  in  a 
general  way  in  referring  to  territory  wools.  They  are  often  used  in 
referring  to  original  lots  and  are  largely  equivalent  to  the  following: 

Fine  =XX  and  X  qualities,  or  fine  staple  and  fine  clothing. 

Fine  mediimi«=*X,  half-blood  and  three-eighths-blood. 
Medium  *=  Three-eighths-blood  and  quarter-blood. 
Low  mediimi«Low  quarter-blood  and  braid. 

It  is  rather  difficult  to  attempt  to  characterize  the  wools  from  each 
State,  as  they  grade  almost  imperceptibly  into  one  another.  Often 
diflferences  appear  in  the  wools  that  can  be  recognized,  but  are  diffi- 
cult to  describe. 

Montana. — ^Montana  wools  as  a  whole  are  probably  the  best  of  the 
territory  clips.  They  are  light-shrinking  compared  to  the  wools  of 
the  neighboring  States,  of  good  length,  and  attractive  in  appearance. 
They  have  a  slightly  creamy  tinge  which  shows  up  even  after  scour- 
ing.   Their  felting  qualities  are  good.    It  is  sometimes  claimed  that 
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-wools  from  this  State  are  more  likely  to  be  tender  than  some  of  the 
others,  but  if  this  is  true  the  other  grade  quaUties,  such  as  length  and 
quality,  overbalance  it. 

Wyoming. — ^Wyoming  wool  has  not  the  soft  characteristic  feel  of 
the  Montana  wools.  It  is  somewhat  "wild''  or  harsh  in  nature. 
This  is  said  to  be  due  to  the  influence  of  the  alkaU  soil  over  which 
many  of  the  sheep  pass.  Wyoming  wool  scoures  out  very  white.  It 
is  quite  strong,  robust,  and  of  fair  length,  but  is  a  heavy-shrinking 
wool.  The  shrinkage  varies  widely  from  year  to  year.  Because  of 
its  scouring  out  so  white  some  manufacturers  pr^er  it  to  Montana 
when  its  heavier  shrinkage  is  discounted. 

Idaho. — ^The  Triangle  or  Soda  Springs  wools  come  from  a  section 
around  the  town  of  the  latter  name  in  Idaho.  The  three  points  of 
the  triangle  are  Ogden,  Utah;  PocateDo,  Idaho;  and  Granger,  Wyo. 
The  wools  from  this  section  are  somewhat  lighter-shrinking  than  the 
surroimding  ones. 

The  wools  from  western  Idaho  are  long  and  fine  (often  grading  80 
per  cent  staple),  but  in  the  eastern  part  of  the  State  they  are  gener- 
ally somewhat  shorter. 

Utah,  Nevada,  Colorado ,  and  WcuihingUm. — ^Much  of  the  Utah  wool 
is  rather  short,  there  being  little  staple  in  it.  Overstocking  the  range 
is  said  to  be  responsible  to  a  certain  extent  for  the  poorer  quaUties  of 
the  wools  from  this  State.  Nevada  is  a  high-shrinking  wool  of  fairly 
good  quality. 

Colorado  wool  has  Httle  character,  being  a  nondescript  wool  often 
shrinking  from  70  to  72  per  cent.  There  are,  however,  some  lighter- 
shrinking  wools  (around  60  per  cent)  of  good  quaUty  from  certain  sec- 
tions of  the  northern  part  of  the  State,  The  wool  from  this  State  in 
general  is  often  described  as  being  "breedless."  It  rarely  grades 
higher  than  one-half-blood.  In  southern  Colorado  the  sheep  are 
sometimes  sheared  twice  a  year,  this  short  wool  coming  to  market 
untied. 

Washington  as  a  whole  probably  produces  the  heaviest-shrinking 
wools  of  any  western  State.  It  is  estimated  that  the  average  shrink- 
age is  around  70  per  cent.  This  high  shrinkage  is  due  to  natural 
grease,  of  which  there  is  a  great  deal  in  the  wool  of  this  section,  and 
to  dirt,  etc.,  in  the  fleeces. 

New  Mexico  and  Arizona. — New  Mexico  and  Arizona  wools  are 
very  uneven  in  character.  The  care  given  the  flocks  is  often  very 
slight,  while  many  of  the  sheep  are  poorly  bred,  and  the  fleeces  run 
out  and  kempy.  The  wools  are  often  very  poorly  put  up.  The 
shrinkage  varies  from  40  to  75  per  cent,  though  dipping  often  lightens 
the  wool  from  these  States,  It  is  said  that  wool  from  flocks  owned 
by  Americans,  on  account  of  better  handling,  is  worth  an  average  of 
2  cents  a  poimd  more  than  that  from  flocks  of  Mexican  owners.    The 
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Navajo  wool  is  very  uneven.  It  comes  to  market  untied,  the  low 
quarter-blood  mixed  with  the  fine  grade. 

DakotaSy  Kansas,  and  NehrasJca.-^-The  wool  from  the  Dakotas, 
western  Kansas,  and  Nebraska  are  sometimes  included  in  the  territory 
wools.  They  are  really  midway  between  the  ''bright"  and  the  terri- 
tory in  condition,  having  more  sand  and  dirt  than  the  bright  but  not 
as  much  as  the  territory.  The  term  ''semibrights"  is  sometinies 
applied  to  them. 

Terms  used  in  other  market  reports. — ^The  reports  of  the  St.  Louis 
markets  often  refer  to  the  shrinking  qualities  of  the  wool  as  light-fine, 
heavy-fine,  etc.  The  amount  of  vegetable  matter  present  is  also  indi- 
cated by  burred,  slightly  burred,  etc.  Some  other  terms  are  also  used 
that  are  usually  self-explanatory. 

FOREIGN  GRADES. 

Basis  of  foreign  classification. — ^The  quality  of  English  and  many 
other  foreign  wools  is  often  designated  by  the  counts  or  number  of 
hanks  per  pound.  The  coarser  wools  axe  represented  by  the  lower 
counts,  as  18's,  24's,  36's,  etc.,  and  the  finer  ones  as  64's,  70*s,  80's,  etc. 
These  numbers  or  counts  represent  the  hanks  per  pound  of  top  to 
which  the  wool  is  supposedly  capable  of  being  spun,  each  hank 
representing  560  yards.  Thus,  wool  of  50*8  quality  should  spin 
•60  X  560  yards  per  pound  of  top,  if  spun  to  the  limit.  This  classifica- 
tion is  based  on  the  worsted  system  of  manufactiu'e. 

Table  2. — Foreign  wool  classes  and  corresponding  counts  for  American  grade. 


American  grades. 


Fine 

Half-blood 

Three-elriiths  blood 

Quarter-blood 

Low  qufuto'-blood 

Low,  coarse,  common,  or  braid. 


Foreign  classes— 

top-maker's 

quality. 


eoVTlKs 

40's-48'8 
ae's^KPs 


Counts  often 
spun  to  In 
Ameriea. 


50*9-60^ 

401 
36*t 


As  a  matter  of  fact  the  top-maker^s  quality  does  not  actually  repre- 
sent the  counts  to  which  the  wool  can  be  spun.  The  lower  grades  will 
not  spin  up  to  their  number,  while  the  finer  ones  will  spin  much  higher 
than  their  designated  numbers.  Some  fine  American  wools  have  been 
spim  to  200  counts  for  exhibition  purposes.  Short  wools  will  not 
spin  as  high  as  similar  wools  of  greater  length,  hence  this  factor  also 
influences  the  counts  to  which  the  wool  will  spin. 

Another  fact  worthy  of  mention  is  that  the  wools  are  rarely  spun  to 
their  limit,  that  is,  to  as  fine  a  yam  as  is  possible  to  spin.  Wool  can  be 
spun  several  counts  higher  in  England  than  it  can  in  America.  This 
is  due  to  the  fact  that  the  air  is  moister  there  and  that  the  labor  of  the 
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mills  is  more  capable  than  in  the  United  States.  This  does  not  imply 
that  American  fabrics  are  inferior  to  imported,  as  a  better  doth  results 
if  the  wool  is  not  so  highly  spun. 

GRADES  OF  WOOL  FROM  VARIOUS  BREEDS  OF  SHEEP. 

It  is  impossible  to  assign  wool  to  a  particular  grade  solely  upon  the 
basis  of  the  breeding  of  the  sheep.  In  the  mutton  breeds  especially 
there  are  wide  variations  within  a  single  breed  and  within  flocks.  The 
following  list  shows  in  a  general  way  how  wool  from  the  various 
breeds  would  be  likely  to  grade: 

BRBED.  GRADE  OP  WOOL  PRODUCED. 

Merino  (eastern  States) Delaine,  XX,  X,  or  fine  unwashed,  etc. 

Merino  (range  States) Fine  and  fine  medium  staple  or  clothing. 

RamboiiiUet Fine  and  fine  medium  staple  or  clothing  and  a 

small  amount  of  hall-blood. 

Soutbdoiwn Half  and  three-eighths  blood  (chiefly  three-eighths 

combing  or  clothing,  chiefly  clothing). 

Shiopdiire Mainly  three-eighths-blood,  combing  or  clothing. 

Some  quarter-blood. 

Hampshire Three-eighths  and  quarter  blood  combing  or  cloth- 
ing. 

Draset Three-eighths  and  quarter  blood  combing  or  cloth- 
ing. 

Suffolk Three-eighthfl-blood  combing  and  clothing. 

Cheviot Quarter-blood  combing. 

Oxfofd Quarter  and  low  quarter-blood  combing. 

Goniedale Three-eighths-blood  combing. 

Cojtswold 1 

Lincoln [Low  quarter-blood  combing  or  braid. 

Leicester J 

Crossbred:  Long  wool  on  Merino  or 

Rambouillet Half-blood,  three-eighths-blood,  and  quarter-blood 

combing. 

Crossbred:  Shropshire  or  Hamp- 
eiiiie  on  Merino  or  Rambouillet.  Half-blood    and  three-eighths-blood  combing   or 

clotiung. 

SORTING  WOOL. 

While  wool  is  graded  at  the  warehouses,  as  a  rule  sorting  is  done 
gbIj  at  the  niiUs.  Its  object  is  to  secure  lots  of  wool  having  greater 
tiniformity  as  to  fineness  than  could  possibly  be  obtained  if  the 
fleeces  were  not  divided.  The  wool  as  it  grows  upon  the  sheep's  body 
varies  in  length  and  quality;  consequently  the  fleeces  can  not  be 
uniform  in  quality  throughout.  There  is  usually  a  wider  range 
of  quality  in  the  coarse  wools,  such  as  Lincolns  and  Cotswolds  and 
the  crossbreds,  than  among  the  fine  wools.  Coarser  fleeces  might 
be  of  a  three-eighths-blood  grade  or  even  half-blood  on  the  shoulder, 
while  the  "britch"  would  be  a  quarter-blood.  The  shoulder  wool 
is  considered  the  best  for  strength,  quality,  and  length,  the  sides 
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are  next  best,  and  the  quality  decreases  passing  backward  until 
the  ''britch"  is  reached,  which  is  the  coarsest  part  of  all.  The  wool 
from  the  back  is  likely  to  contain  hayseed  or  chaff,  and  it  is  not 
of  as  good  quaUty  or  strength  as  that  from  the  shoulder.  It  is 
also  often  shorter.  The  belly  wool  is  usually  finer  than  any,  but  it 
is  short, '  'frowzy,"  is  not  so  strong,  and  it  lacks  character.  The  wool 
from  over  the  head  is  short,  coarse,  and  in  the  black-faced  breeds  is 
likely  to  contain  black  fibers.  Modem  machinery  could  probably 
handle  these  different  qualities  of  wool  in  the  same  lot,  but  more 
uniform  yam  can  be  made  and  the  wool  spun  to  a  finer  thread  if  it 
is  sorted,  hence  it  is  an  economical  advantage  to  do  the  sorting. 
The  work  is  not  as  exacting  as  it  once  was;  as  a  rule  not  as  many 
sorts  are  made  now  as  formerly. 

The  sorting  is  done  over  a  table  that  has  either  a  slatted  or  wire- 
mesh  top,  80  that  the  dirt  will  fall  through.  The  fleeces  are  imtied, 
shaken  out,  and  piled  up  beside  the  table  and  then  passed  over  the 
board.    A  good  light  is  necessary  to  do  the  work  properly. 

The  number  of  sorts  made  from  a  fleece  or  from  a  bag  of  wool  and 
the  quantity  of  each  will  naturally  vary  with  the  quaUty  of  the  wool, 
the  mill  where  the  sorting  is  done,  and  the  goods  for  which  the  wool 
is  intended.  Ordinarily  four  to  five  major  sorts  would  take  care  of 
the  bulk  of  the  wool,  along  with  as  many  more  off  sorts.  There  is 
no  uniform  system  of  designating  the  sorts;  each  mill  uses  its  own 
names  or  numbers. 

The  regular  sorts  are  made  mainly  upon  quaUty  and  length.  A 
little  extra  length  will  sometimes  cause  wool  to  be  thrown  higher 
because  of  resulting  higher  spinning  qualities.  Often  the  best  of  a 
sort,  the  longer  wool,  will  be  separated  and  used  for  warp,  as  a  stronger 
yam  is  needed  for  this  purpose  than  for  filling.  The  off  sorts  are 
usually  something  out  of  the  ordinary.  In  a  worsted  mill  they  are 
sold  for  other  purposes,  as  they  can  not  be  manufactured  on  the 
worsted  system. 

RESULTS  OF  SORTING  A  SAMPLE  BAG  OF  WOOL. 

The  percentage  of  the  various  sorts  may  vary  considerably.  The 
proportion  of  the  main  sort  varies  from  50  to  80  per  cent  of  the 
weight  of  a  lot  of  fleeces  of  a  common  grade.  This  is  because  the 
quality,  condition,  and  length  of  the  different  wools  vary,  and  the 
dealers'  and  millmen's  ideas  concerning  grades  are  not  always  the 
same.  The  market  conditions  and  the  quality  of  the  goods  into 
which  the  wool  is  to  be  made  may  also  influence  the  sorting. 

The  following  is  the  record  of  an  actual  case  of  sorting  a  bag  of 
wool,  showing  the  weight,  percentage,  and  value  per  pound  of  each 
sort.     This  bag  contained  fleeces  that  had  been  graded  in  the  ware- 


Digitized  by 


Google 


THE  WOOLGEOWBR  AND  THE  WOOL  TBADE. 


28 


house  as  "half-blood."     The  gross  weight,  was  245  pounds;  weight 
of  bag,  4i  pounds;  net  weight  ofwool,  240f  pounds. 

Table  3. — Remits  of  sorting  a  hag  of  half-blood  Montana  wool. 


Sort. 


Weight. 


Perosnt- 


Valne 
pound. 


Bflgnlftr  sorts: 

X  or  three-qiiart«rs-blood .. . 

Halttiood  combing 

BslM)loodciothing 

Thrm-eigfath»>blood  combing 

Thr»«klith»>blood  dothing. 

^BAiter-blood  combing 

Short  quuter-blood 

Low  qoArter-blood. 

OflsortK 

Stained  and  graj^ 

Shorts 

Prite 

CUy 

Sfenng 

Loss  in  sorting. 


Pounds, 
1L21 
88.69 
12.00 
04.76 
34.33 

12.  go 

4.56 
.U 

.55 

8.90 
8.32 
2.76 
1.37 
8.90 


Percent, 

4.66 

86.84 

5.36 

26.90 

10.11 

5.36 

L88 

.23 


L62 
L38 
1.15 
.67 
3.70 


Centt, 
21.0 
22.7 
2L6 
23.0 

2ao 

19.0 
17.0 
16.0 

14.0 
10.0 
5.0 
LO 


DESCRIPTION  OP  SORTS. 

Little  ijieed  be  said  concerning  the  regular  sorts.  They  merely 
repi-esent  a  more  complete  division  according  to  quality  than  was 
possible  in  grading.  Regarding  the  off  sorts,  the  ''stained  and  gray" 
sort  is  not  usually  made,  except  when  white  goods  are  to  be  manu^ 
factored  and  it  is  necessary  to  separate  them  out  of  the  main  lot. 
Their  character  is  implied  by  their  name. 

Shorts  consist  of  short  wool  such  as  grows  about  the  face  and  eyes. 
Pwtof  itmay  also  be  due  to  double  cutting  in  shearing.  Fribs  areshort, 
sweaty,  and  dungy  locks.  CUps  are  locks  so  incrusted  with  foreign  ma- 
terial that  the  wool  can  not  be  freed  in  scouring,  but  must  be  clipped 
off.  The  string  cut  from  the  fleeces  is  practically  valueless,  since  con- 
siderable paper  twine  is  used.  The  loss  of  weight  in  sorting  depends 
^ipon  whether  the  wools  contain  much  sand  or  dirt.  Other  off  sorts 
are  often  made  from  wools  of  various  sections.  Tags  are  a  very 
oonunon  one.  They  are  sometimes  separated  at  shearing  time,  but 
quite  often  they  are  separated  by  the  sorters.  They  are  large  dung 
locks  and  are  worth  less  than  half  of  the  value  of  the  other  wool. 

Paint  locks  are  another  quite  cormnon  sort.  The  free  wool  is 
dipped  from  the  paint,  and  the  short  fiber  containing  paint  is  sold 
to  hat  manufacturers,  etc.  It  is  worth  about  IJ  to  2  cents  a  poimd. 
Seedy  wool  is  a  sort  containing  weed  seeds,  soft  burs,  etc.,  that  will 
not  be  removed  by  the  manuf actm-ing  process.  It  must  often  be 
carbonized  before  using.  These  carbonized  wools  are  used  largely 
for  woolens,  felts,  etc. 

About  25  per  cent  of  the  wool  bags  can  be  used  again;  the  rest  are 
sold  and  bring  from  5  to  10  cents  a  pound. 
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POUNDS  OF  WOOL  PER  POUND  OF  CLOTH. 

Some  printed  statements  convey  the  impression  that  the  entire 
fleece  goes  into  the  production  of  a  garment,  so  that  the  amount  of 
finished  cloth  is  equal  to  the  amoimt  of  scoured  wool.  This  impres- 
sion is  erroneous,  not  only  because  of  a  certain  amount  of  wool  of 
other  sorts  than  the  main  ones  being  present,  but  also  because  there  is 
more  or  less  loss  all  the  way  along  the  process  of  manufacture.  True, 
these  other  sorts  are  of  value,  but  they  are  not  generally  worth  nearly 
as  much  as  the  main  lot. 

As  the  weight  per  yard  of  goods  varies,  it  is  not  feasible  to  give 
the  amount  of  wool  required  to  manufacture  a  garment,  suit,  or  so 
many  yards  of  cloth,  but  the  pounds  of  wool  per  pound  of  cloth  can 
be  given.  A  mmiber  of  tests  reported  by  different  dmDs  and  pub- 
lished in  the  bulletin  of  the  National  Association  of  Wool  Manufac- 
turers show  that  for  woolen  goods  from  3  poimds  to  4.64  poimds  of 
grease  wool,  with  an  average  of  3.73  pounds,  were  required  to  make  1 
pound  of  cloth.  The  average  amount  of  scoured  wool  required  was 
1.37  pounds.  For  worsted  cloths  from  2.56  pounds  to  4.55  pounds 
of  grease  wool  was  required,  with  an  average  of  3.66  pounds.  The 
average  amoimt  of  scoured  wool  for  1  pound  of  worsted  cloth  was 
1.55  poimds. 

THE  NEED  OF  IMPROVEMENT  IN  HANDLING  AMERICAN  "WOOLS. 

From  the  discussion  in  the  foregoing  pages  it  can  readily  be  seen 
that  dealers  and  manufacturers  confront  many  difficulties  in  handling 
the  average  clip  of  American  wool. 

PRESENT  CONDITIONS. 

In  October,  1913,  the  Animal  Husbandry  Division  of  the  Bureau 
of  Animal  Industry,  in  cooperation  with  the  Bureau  of  Crop  Esti- 
mates, made  a  canvass  of  a  nimibor  of  sheep  owners  in  Western 
States  to  determine  the  extent  to  which  growers  follow  the  best 
practices.  Because  of  the  way  in  which  the  names  were  secured 
it  is  probable  that  the  383  replies  received  were  from  men  whose 
methods  are  superior  to  those  generally  followed  in  the  same  local- 
ities; consequently  the  percentages  shown  at  the  foot  of  the  table 
are  much  higher  than  would  be  reported  if  it  had  been  possible  to 
receive  replies  from  all  wool  growers  in  the  States  shown.  The 
results  of  this  canvass  are  shown  in  Table  4. 
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Low  Quarter-Blood  Combing  Wool. 
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Table  4. — Results  of  investigation  of  methods  of  western  sheepmen  in  marketing  wool. 


state. 


Number  of 
sheep 

shornin 
1913  by 
persons 

reporting. 


Nomber 
of  per- 
sons re- 
porting. 


Number 

who 
sacked 
ewe, 
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Practically  one-half  the  correspondents  separated  ewes',  lambs', 
and  bucks'  wool  when  sackmg;  59  per  cent  put  up  the  black  wool 
separately;  and  53  per  cent  sacked  the  tags  separately.  It  must  be 
borne  in  mind,  as  stated  before,  that  these  percentages  are  undoubt- 
edly much  higher  than  would  be  the  case  if  it  were  possible  to  secure 
replies  from  all  woolgrowers  in  any  section  or  State. 

The  American  wool  cUp  is  sold  by  the  growers  imclassified  and  in 
the  main  very  poorly  handled.  The  way  in  which  each  of  the  various 
defects  injures  the  manufacturing  value  of  the  wool  has  been  explained 
in  previous  pages-.  These  defects  have  come  to  constitute  a  fixed 
charge  against  American  wool,  which  does  not  apply  to  wools  coming 
to  this  country  from  Australia  and  some  other  countries. 

Probably  the  lack  of  any  form  of  classif ymg  or  grading  before  selling 
causes  the  greatest  loss  to  our  woolgrowers.  The  buyer,  whether  he 
represents  a  mill  or  a  firm  that  buys  wool  to  be  sold  again  after  grad- 
ing, is  expected  to  place  a  fair  valuation  upon  cUps  in  which  there 
may  be  many  sacks  each  containing  three  or  four  grades  of  wool. 
The  diflference  in  the  scoured  values  of  those  grades  may  not  be  sO 
serious,  but  the  difference  in  shrinkage,  say,  between  quarter-blood 
and  half-blood  fleeces,  is  a  very  great  one,  and  there  is  no  possibihty 
of  doing  more  than  making  an  estimate  of  the  average  shrinkage  and 
value  of  the  clip  as  it  is  offered.  Manifestly  the  buyer  must  place  the 
shrinkage  estimate  sufficiently  high  to  protect  himself  from  loss.  In 
order  to  get  a  certain  quantity  of  a  particular  grade  he  must  buy, 
even  of/graded  wools,  a  lot  containing  other  grades  that  must  be  sold 
after  sorting. 
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baled  is  because  they  received  the  benefit  of  a  more  favorable  freight 
rate. 

Ordinarily  the  sheep  owner  can  not  know  as  much  about  the  de- 
mands of  the  market  and  how  the  wool  should  be  graded  as  does  the 
wool  grader,  or,  as  he  is  called  in  Australia,  the  ''dasser.''  This  man 
must  always  work  to  the  same  standard.  Attempts  of  various 
owners  by  whom  he  might  be  employed  to  make  his  work  conform 
to  their  own  ideas  would  render  impossible  that  imiformity  in  the 
classer's  work  which  is  necessary  to  hold  the  confidence  of  the  buyer 
as  to  the  put  up  of  the  clips. 

SKIKTING  THE  FLEECES. 

Skirting  fleeces  consists  in  the  removal  of  the  belly  and  the  other 
less  valuable  parts.     When  wools  are  skirted  the  belly  is  separated 
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Fio.  1.— Diagram  showing  portion  of  fleece  ordinarily  removed  In  skirting. 

by  the  shearer  and  skirting  consists  of  the  removal  of  the  parts  indi- 
cated in  figure  1.  The  belly  wool  has  already  been  removed  from 
the  fleece  shown  in  this  figure.  The  advantage  of  this  lies  in  the  fact 
that  some  manufacturers  needing  higher  qualities  of  wool  can  buy 
the  bodies  of  the  fleeces  alone  when  they  would  not  care  to  incur  the 
trouble  and  expense  of  separating  and  reselling  the  inferior  parts,  as 
is  necessary  when  entire  fleeces  are  piu*chased. 
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MARKETING  GRADED  AND  SKDITED  WOOL. 

The  grading  and  skirting  of  western  American  wools  is  not  likely 
to  be  economical  or  satisfactory  where  less  than  10,000  to  20,000 
sheep  are  shorn  at  one  plant.  This  number  need  not  be  the  property 
of  one  individual,  but  the  wool  from  such  a  number  should  be  put  up 
by  the  same  standard  and  that  standard  should  be  the  same  as 
applies  in  other  plants  in  the  same  territory  if  our  wools  are  to  be  as 
highly  esteemed  in  the  markets  as  foreign  wools  of  the  same  scoured 
value. 

It  is  whoUy  desirable  and  practicable  that  small  sheep  owners, 
where  suitably  located,  should  combine  to  erect  and  use  a  conmaon 
shearing  plant  to  be  conducted  upon  a  high  standard.  If  the  practice 
of  grading  and  skirting  is  to  be  adopted  some  provisions  other  than 
those  now  prevalent  will  be  necessary.  The  skirtings,  locks,  and 
tags  from  each  flock  will  have  varying  values,  while  the  main  part 
of  the  chp  wiU  contain  not  less  than  two  or  three  grades  varying  too 
widely  for  use  by  a  single  mill.  An  individual  wool  seDer  would, 
therefore,  have  even  greater  need  than  at  present  of  being  posted 
r^arding  wools  and  the  markets.  He  would  also  need  to  have  con- 
nection with  various  branches  of  the  trade  in  order  to  dispose  of  each 
of  the  Tarious  lots  of  wool  into  which  his  cUp  was  divided.  In  case  of 
cooperation  in  ownership  and  management  of  the  shearing  plant 
the  same  organization  might  also  be  used  in  effecting  the  sale  of  the 
wool,  or  each  grower  might  sell  at  home  as  opportunity  offered  or 
consign  to  the  establishment  appearing  likely  to  give  the  best  service. 

Marketing  farm  wools. — For  farm  wools  the  greatest  advantage  is 
likely  to  come  through  such  cooperation  as  will  insure  the  grower's 
receiving  the  value  of  his  wool  after  grading  and  sale  along  with 
other  dips  sufficient  in  amount  to  allow  of  selling  in  lots  containing 
not  less  than  4,000  or  5,000  pounds  of  each  grade. 

FUNDAMENTAL  RULES  FOR  THE  WOOL  GROWER. 

Until  further  improvement  can  be  wrought  there  are  a  ninnber  of 
rules  that  no  grower  on  either  farm  or  range  can  afford  to  neglect 
in  order  to  enhance  the  reputation  of  his  dip  and  also — what  is  equally 
necessary — the  reputation  of  the  wool  of  his  section.     These  are: 

1.  Adhere  to  a  settled  policy  of  breeding  the  type  of  sheep  suitable 
to  the  locality. 

2.  Sack  lambs',  ewes',  wethers',  and  all  buck  or  very  oily  fleeces 
separ^tdy.  If  the  bucks  or  part  of  the  ewes  or  wethers  have  wool 
of  widdy  different  kind  from  the  remainder  of  the  flock,  shear  such 
separatdy  and  put  the  wool  in  separate  sacks  so  marked. 

3.  Shear  all  black  sheep  at  one  time,  preferably  last,  and  put  the 
wool  in  separate  sacks. 
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Modock. — ^Wool  from  range  sheep  that  have  been  fed  and  sheared  in  the  farm  States. 
The  wool  has  qualitiee  of  both  regions. 

Noil. — ^A  by-product  of  worsted  manu^ture  consisting  of  short  and  tangled  fibers. 
It  is  used  in  the  manu^ture  of  woolens. 

Off  sorts. — ^The  by-products  of  sorting.  In  fine  staple  or  any  other  grade  there  are 
certain  quantities  of  short,  coarse,  stained,  and  colored  wools.    These  are  the  off  aorta. 

Picklock  wool.— Formerly  a  grade  above  XXX.  Picklock  was  the  product  of  Silesian. 
Merino  blood.  There  is  no  American  market  grade  of  that  name  at  present;  a  little 
of  this  quality  of  wool  is  produced  in  West  Virginia. 

Pulled  tz?ooZ.— Wool  taken  from  the  skin  of  a  slaughtered  sheep's  pelt  by  slipping, 
sweating,  or  the  use  of  depilatory. 

QtMlity.— The  diameter  of  the  wool.    It  largely  detennines  the  spiiming  quality. 

Run-out  fleece. — One  that  is  not  uniform  but  much  coarser  on  ttie  **britch"  than 
elsewhere.    It  may  be  kempy. 

Sha/ty  tyooZ.— Wool  of  good  length  and  spinning  qualities. 

Shearlings. — Short  wool  pulled  from  skins  of  sheep  shorn  before  slaughtering.  Also 
English  term  for  yearling  sheep. 

Shivy  wool. — ^A  somewhat  broad  term.  It  refers  to  the  presence  of  vegetable  matter 
in  the  wool. 

Shoddy.— '^oo\  that  has  been  previously  used  for  manufacturing  purposes,  torn 
apart  and  made  ready  to  use  again. 

Shirting. — Skirting  fleeces  consists  in  removing  the  pieces  and  the  low-quality  wool 
of  the  britch  from  the  edge  of  the  fleece. 

Spring  wool. — Six  to  eight  months*  growth;  shorn  in  the  spring  where  sheep  &ie 
shorn  twice  a  year. 

Stained  wooZ.— That  which  is  discolored  by  urine,  dung,  etc. 

Staple. — (a)  A  lock  or  bunch  of  wool  as  it  exists  in  the  fleece.  (6)  Western  combing 
wool. 

Stubble  shearing. — Shearing  some  distance  from  the  skin,  leaving  a  "stubble." 

Suint. — ^Excretions  from  sweat  glands  deposited  in  the  wool 

Sweating  sheds. — Sheds  in  which  sheep  are  "sweated'*  before  shearing.  The  pur- 
pose is  to  raise  the  yolk  and  make  shearing  easier. 

Tags. — Large  dungy  locks. 

Territory  wools. — ^Territory  wools  are  in  general  those  that  come  from  the  territory 
west  of  the  Missouri  River. 

Tippy  wool. — ^Wool  in  which  the  tip  or  weather  end  of  the  fiber  is  more  or  leoB 
incrusted. 

Top. — ^A  continuous  untwisted  strand  of  the  longer  wool  fibers  straightened  by 
combing.    After  drawing  and  spinning  it  becomes  worsted  yam. 

Top-maker's  qualities  or  counts. — ^Top-maker's  qualities  or  counts  are  the  numbeis 
used  in  designating  the  quality  of  certain  foreign  wools.  They  range  from  12  's  upward . 
The  numbers  are  supposed  to  indicate  the  number  of  hanks  of  yarn  a  pound  of  top 
will  spin  to.    Each  hank  represents  560  yards. 

Tub  washed. — ^Wool  that  has  been  washed  after  having  been  sheared.  Very  rare 
in  America;  was  formerly  practiced  in  Kentucky. 

Virgin  wool. — ^Wool  that  has  not  previously  been  used  in  manufacturing. 

Warp. — ^The  threads  that  run  lengthwise  in  cloth. 

Washed  wools. — ^Those  from  which  the  suint  has  been  removed  by  washing  the  aihe^ 
before  shearing. 

Wether.— In  English  wools  it  refers  to  wool  other  than  the  first  clip  ficom  the  sheep. 
In  sheep,  a  castrated  male. 

Yolk. — ^The  fatty  grease  deposited  upon  the  wool  fibers  from  the  oil  glands. 
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SCOPE  OP  THE  BULLETIN. 

This  bulletin  ^escribes  the  distinguishing  characters,  geographic 
distribution,  and  foj-est  habits  of  all  the  known  species  of  cypress 
(Cupressus)  and  jimiper  (Jimiperus)  growing  within  the  Rocky  Moun- 
tain region.  The  region  embraces  western  North  and  South  Dakota, 
Montana,  Idaho,  Wyoming,  western  Nebraska,  Colorado,  Utah, 
Nerada,  Arizona,  New  Mexico,  and  western  Texas.  Such  outly- 
ing regions  as  the  Dakotas,  western  Nebraska,  and  western  Texas 
are  included  because  a  few  species  extend  from  the  main  Rocky 
Mountain  region  into  them.  For  the  same  reason  Canadian  territory 
lying  directly  north  of  the  Rockies  and  Mexican  territory  adjacent 
to  our  Southwest  are  also  included.  Canada  has  no  cypress  or  juniper 
trees  that  do  not  occur  at  some  point  within  the  United  States. 
Mexico,  on  the  other  hand,  has  both  cypress  and  juniper  trees  that 
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are  not  found  anywhere  in  this  country.    Such  species,  however,  an 
not  considered  in  the  present  bulletin. 

So  far  as  possible  the  use  of  technical  descriptive  terms  has  been 
avoided,  and  only  such  distinguishing  characters  (color,  texture,  etic.) 
are  defined  as  can  not  be  shown  clearly  in  a  black  and  white  drawing. 
The  illustrations  represent  foliage,  fruits,  seeds,  and  other  important 
parts  of  the  trees  in  their  natural  size,  so  that  the  element  of  size,  so 
often  distinctive,  as  well  as  the  form  in  the  specimen  studied,  can  be 
easily  compared  with  the  drawing.  To  insure  accuracy  in  details 
practically  all  of  the  illustrations  are  line  drawings  of  photographs. 

The  maps  showing  the  geographical  distribution  ^  of  the  different 
species  are  photographic  reductions  of  the  large  folio  sheets  upon 
which  the  distribution  data  were  originally  platted,  thus  affording  a 
more  accurate  outline  of  range  than  is  apparent  from  the  small  size 
of  the  map.  These  data  include  all  the  published  and  unpublished 
information  now  available  in  the  Forest  Service.'  The  greater  part 
comprises  field  notes  and  unrecorded  observations  and  reports  of 
Forest  Service  officials  who,  in  the  exploration  and  administration  of 
the  National  Forests,  have  special  opportimities  for  gathering  such 
data. 

Additional  information  was  obtained  from  field  notes  accom- 
panying specimens  preserved  in  the  forest  herbaria  of  the  Forest 
Service  and  the  National  Museum,  Washington,  D.  C,  while  through 
the  courtesy  of  officials  in  charge  similar  information  was  gathered 
from  the  Arnold  Arboretimi,  Jamaica  Plain,  Mass.,  the  Field  Museum 
of  Natural  History,  Chicago,  111.,  and  the  University  of  Nebraska, 
Lincoln,  Nebr.  Field  notes,  forest  photographs,  and  specimens  col- 
lected by  members  of  the  Bureau  of  the  Biological  Survey  have  abo 
contributed  new  and  valuable  range  data.' 

1  Only  the  botanical  range  is  shown,  it  being  impraoticable  to  combine  with  this  the  commercial  noBB 
of  timber-prodocing  species,  the  supplies  of  which  are  constantly  reduced  by  lumbering  operatioos. 

s  The  Mexican  range  of  cypresses  and  Jtmlpers  isso  imperfSsctly  known  at  present  that  but  low  aatbentie 
locations  are  given  for  them  in  that  region.  These  locations  are  shown  by  small  drdes  of  solid  cokr. 
Further  provisional  range  of  these  trees  in  Mexico  is  Indicated  by  short  parallel  lines  and  is  based  only 
on  reports  which  have  not  been  verified. 

*  Grateful  acknowledgment  is  made  in  this  connection  to  Dr.  C.  Hart  Merriam,  Jbrmeriy  chief  of  the 
Bureau  of  Biological  Survey;  to  Dr.  H.  W.  Henshaw,  presentohief  of  that  bureau,  and  to  Dr.  A.  K.  Flaher, 
Chief  of  the  Division  of  Economic  Ornithology;  also  to  Messrs.  Vernon  Bailey  and  H.  C.  Oberhober,  men- 
bers  of  the  same  bureau.  To  Prof.  Charles  8.  Sargent,  director  of  the  Arnold  Arboretum,  and  to  ProL  J.  Q. 
Jack  of  the  same  institution,  the  author  desires  especially  to  acknowledge  his  hearty  appreciation  for  tbe 
loan  of  herbarium  specimens  and  other  belpftil  courtesies.  The  writer's  cordial  thanks  are  here  exprened 
to  Dr.  Charles  E.  Bessey  (now  deceased),  of  the  University  of  Nebraska,  and  to  Dr.  C.  F.  Millspaa^,  of  the 
Field  Museum  of  Natural  History,  for  the  privilege  of  compiling  range  data  from  the  herbaria  In  their 
departments.  For  helpltd  information  regarding  Junipers  in  Texas  acknowledgment  Is  made  to  Prol. 
William  L.  Bray,  now  of  the  University  of  Syracuse,  N.  Y.  Acknowledgment  is  due  also  to  Mary  C 
Gannett  lor  the  compilation  and  preliminary  mapping  of  a  part  of  the  range  data,  and  to  W.  H.  Lamb 
and  Georgia  E.  Wharton,  of  the  Section  of  Forest  Distrlbutioin,  who  revised  and  completed  this  compi- 
lation and  prepared  final  copies  of  the  distribution  maps.  FInaUy,  the  writer  wishes  to  express  his 
grateful  appredation  of  the  assistance  received  in  various  ways  from  Forest  officers  and  other  members  of 
the  Forest  Service. 
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Naturally  the  ranges  of  the  better  known  and  more  useful  trees 
are  more  complete  than  those  of  the  smaller,  relatively  xmunportant 
ones.  Altogether,  however,  our  present  knowledge  of  the  geographic 
distribution  of  Rocky  Moxmtain  cypresses  and  junipers  is  still  incom- 
plete. It  is  hoped,  therefore,  that  the  pubUcation  of  range  data  now 
available  will  stimidate  the  collection  of  further  information. 

A  key  for  the  identification  of  jimipers  is  provided  on  page  36. 
One  for  the  cypresses  is  deemed  xmnecessary,  because  the  two  species 
considered  are  so  strikingly  different  that  they  can  be  quickly  identi- 
fied by  consulting  the  descriptions. 

In  this  connection  the  writer  wishes  to  say  that  trees,  as.  is  the 
case  with  other  plants,  can  be  satisfactorily  identified  only  by  first 
becoming  familiar  with  the  character  and  appearance  of  their  f oUage, 
flowers,  fruits,  bark  of  the  trunk  and  branches,  wood,  and  habit  of 
growth.  Knowledge  also  of  their  natural  habitat  and  associates  is 
helpful  and  an  essential  part  of  the  life  history.  Naturally  such 
information  can  be  obtained  best  by  studying  trees  where  they  grow. 
Representative  specimens  of  the  different  parts  of  the  tree  are  useful 
for  further  study,  and  should  be  collected  whenever  possible.  Merely 
a  few  sprigs  hastily  taken  in  passing  a  tree  will  not  be  a  sufficient* 
means  of  determining  and  knowing  the  species. 

CLASS  AND  FAMILY  RELATIONSEDP  OF  CYPRESSES  AND  JUNIPERS. 

The  cypresses  and  junipers  belong  to  a  class  of  plants  technically 
known  as  Gymnosperms,  which  are  distinguished  by  their  resinous 
wood  and  in  the  fact  that  their  ovules  (destined  to  become  seeds) 
are  borne  naked  or  without  the  usual  covering  peculiar  to  the  other 
great  class  of  seed-bearing  trees  called  Angiosperms.  Familiar 
examples  of  the  Gymnosperms  are  the  pines,  spruces,  firs,  etc.,  while 
the  Angiosperms  include  the  oaks,  walnuts,  hickories,  etc.,  which 
do  not  have  resinous  wood.  Gymnosperms  produce  wood  which  is 
formed  in  concentric  layers  or  rings  of  growth,  one  ring  being  laid 
on  each  year  and  outside  of  the  preceding  one  and  just  beneath  the 
bark.  The  age  of  Gymnosperms  can,  therefore,  be  accurately  told 
by  counting  the  rings  shown  on  a  cross  section  of  the  stem  cut  off 
at  the  ground  just  above  where  the  root  is  given  off. 

According  to  the  character  of  their  fruits,  Gymnosperms  are  divided 
into  two  families^ — (1)  Coniferae,  trees  which  bear  cone  fruits  (pines, 
etc.),  and  (2)  Taxacese,  tre^  which  bear  an  olivelike  fruit  (the  seed 
inclosed  in  a  fleshy  sack),  as  in  the  yew  trees. 

Because  their  fruits  are  true  cones,  cypress  and  juniper  trees  belong 
to  the  family  Coniferee.  Other  generic  groups  of  this  family  are  the 
pines  (Pinus),  spruces  (Picea),  larches  or  true  tamaracks  (Larix), 
hemlocks  (Tauga),  false  or  bastard  hemlocks  (Pseudotsuga),  firs  or 
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'^balsam  trees"  (Abies),  **bald,"  or  deciduoiis4eafed  cypress  (Taxo- 
diuin),  arborvit»s  or  **cedats"  (Thuja),  and  redwood  and  bigtree 
(Sequoia).  AU  of  these  trees  except  the  junipers  bear  a  fruit 
which  is  a  distinctly  woody  cone,  with  from  two  to  several  naked 
seeds  under  each  of  its  overlapping  or  otherwise  closely  joined  scales. 
The  junipers,  however,  produce  a  berrylike  fruit,  which,  though  not 
woody,  is,  nevertheless,  morphologically  a  cone,  the  external  resem- 
blance to  a  berry  being  due  to  the  joiningof  its  fleshy  cone  scales.  The 
seeds  of  most  conifers  have  a  thin  wing,  which  helps  them  greatly 
to  be  scattered  by  the  wind  far  from  the  parent  trees,  thus  providing 
for  their  rapid  reproduction  over  a  wide  area.  On  the  other  hand, 
seeds  of  some  conifers  have  no  wings  or  merely  rudimentary  ones, 
which  do  not  materially  aid  in  distributing  the  seeds,  this  being 
accomplished  through  the  agency  of  flood  waters  and  animals. 
Junipers  are  example  of  this  class,  their  wingless  seeds  and  the  berry- 
like fruits  containing  them  being  largely  dependent  for  their  distribu- 
tion upon  birds,  which  eat  them  for  the  fleshy  outside  pulp,*  and 
upon  flood  waters,  which  carry  them  away  from  the  parent  trees. 

The  leaves  of  some  conifers  are  scalelike  and  very  small,  as  in  the 
'case  of  leaves  that  clothe  the  twigs  of  junipers,  cedars,  and  cypresses, 
while  the  leaves  of  all  other  conifers  are  needleUke  and  long,  as  in  the 
case  of  the  leaves  that  clothe  the  twigs  and  branches  of  pines,  spruces, 
etc.  Of  our  conifers,  all  but  the  bald  cypress  (Taxodium)  and 
larches  (Larix)  have  leaves  that  remain  green  and  adhere  to  the 
trees  for  several  years,  a  feature  which  has  given  them  the  popular 
name  of  ''evergreens."  The  number  of  seed-leaves'  (cotyledons) 
produced  by  conifers  varies  from  2  to  about  18. 

GENERIC  CHARACTEBISTICS  OF  CYPRESSES. 

The  term  ''cypress"  is  popularly  applied  to  three  distinct  generic 
groups  of  North  American  trees:  Taxodium,  of  the  southeastern 
States;  Cham«cyparis,  represented  in  the  South  Atlantic  and  Pacific 
coast  forests;  and  Cupressus,  of  which  native  species  are  found  in  the 
southern  Rocky  Mountain  and  Pacific  coast  r^ons.  Strictly 
speaking,  the  name  cypress  should  be  appUed  only  to  the  trees  of  the 
genera  Chamsecyparis  and  Cupressus,  both  of  which  are  closely 
related.  Species  of  Cupressus  differ  from  those  of  Chamsecyparis  in 
having  quadrangular  twigs  instead  of  flat  ones,  and  sprays  arranged  not 
in  one  plane  but  irregularly  (Pis.  II  and  V) .'  The  overlapping,  minute, 
scalehke  leaves  of  the  trees  of  both  groups  are  arranged  in  alternately 
opposite  pairs,  but  those  of  Cupressus  are  minutely  toothed  on  their 

1  The  hard  seeds  of  the  Junipers  lose  none  of  their  germinative  vitality  by  passing  through  the  digesttre 
organs  of  birds, 
s  Seed-leavee  are  the  first  foliar  organs  appearing  above  ground  wboi  the  seeds  germliiate. 
•  Compare  these  with  figures  65, 66,  and  67  in  "  Forest  Trees  of  the  Pacific  Slope." 
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CUPRESSUS  ARIZONICA. 

a,b,  Different  forms  of  old  cones;  c,  male  flower  buds  (in  aiilumn);  d,  seedling  three  months  old 

(one-half  natural  size). 
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margins,  while  in  Chamsecyparis  the  margins  of  the  leaves  are  entire 
or  smooth.  In  Cupressiis  the  leaves  of  each  season's  growth  remain 
on  the  trees  from  three  to  four  years.  The  minute  flowers,  which 
appear  in  early  spring  on  the  ends  of  the  twigs,  are  inconspicuous, 
especially  the  female  flowers.  The  male  flowers,  which  bear  pollen 
only,  and  the  female  flowers  ^  which  produce  cones  and  seeds,  are 
borne  on  different  twigs  of  the  same  tree.  The  cones  mature  at  the 
end  of  the  second  season,*  and  bear  about  15  or  20  seeds  under  each 
fertile  cone  scale,  instead  of  only  4  or  5  seeds,  as  in  the  case  of  Chamae- 
cyparis.  Seeds  of  native  Cupressus  differ  fimdamentally  from  those 
of  ChanwBcyparis  in  being  without  thin,  membranous  wings.  The 
cones  of  Cupressus  are  strongly  attached  to  the  branches  and  remain 
on  the  trees  for  a  great  many  years,  while  those  of  Chamsecyparis  are 
lightly  attached  to  the  twigs  and  usually  fall  from  the  trees  within 
one  or  two  seasons.  Seed-leaves  of  Cupressus  are  from  3  to  5,  and 
in  Chamsecyparis  only  2. 

The  strongly  aromatic  wood  of  Cupressus  is  remarkably  durable, 
but  the  small  size  and  poor  timber  form  of  most  native  species  make 
it  of  little  conunercial  value.  As  forest  trees,  these  cypresses  are  of 
considerable  importance  in  assisting  to  f6rm  a  protective  cover  on 
wind-swept,  sandy  coasts  or  dry,  arid  slopes  and  in  sparsely  wooded 
canyons. 

Six  species  of  Cupressus  are  found  in  the  United  States.  Four  of 
these  are  confined  to  California,  while  the  other  two  occur  in  the 
southern  Rocky  Moimtain  region,  one  extending  into  Mexico.  Trees 
of  this  genus  are  of  ancient  origin,  representatives,  now  extinct,  once 
growing  in  Greenland  and  western  Europe. 

ARIZONA  CYPRESS. 

Cupres9u»  arizonica  Greene. 

COMMON   NAME  AND  EARLY  HISTORY. 

This  little  known  species  has  no  accepted  distinctive  common 
name.  Usually  it  is  called  "cypress"  by  the  few  who  know  the  tree 
in  its  mountain  habitat,  though  its  occurrence  sometimes  in  moist 
situations  or  near  streams  has  earned  for  it  the  local  name  of  *' water 
cypress''  or  "water  cedar."  The  name  "Arizona  cypress,"  based  on 
the  technical  name,  is  suggested  as  appropriate  because  the  tree  first 
became  known  to  botanists  and  foresters  through  its  discovery  in 
southeastern  Arizona,  where,  in  1880,  Dr.  Edward  L.  Greene  found 
it  "on  the  mountains  back  of  Clifton,  in  the  extreme  eastern  part  of 

I  Untfl  quite  recently  this  was  believed  to  be  another  distinction  between  Cupressus  and  Chamsecyparis, 
the  latter  being  thought  without  ezoeptiom  to  mature  their  fruit  in  one  season.  The  fruiting  habit  of 
Chamflecyparis  nootkatensis  is  now  known  to  be  bienniaL  See  Martin  W.  Gorman,  in  Nineteenth  Annual 
Beport,  U.  S.  Geological  Survey,  Part  V,  339, 1880;  Elwes  and  Henry,  Trees  of  Great  Britain  and  Ireland, 
V,  1194, 1910;  Sudworth,  in  Review  of  Forest  Service  Investigations,  n,  7,  PL  1, 1913. 
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Graham  County."  Dr.  Greene  named  and  described  this  species  in 
1882.  Later  Dr.  Rnsby  discovered  an  abundant  growth  of  it  in 
canyons  on  the  north  slopes  of  the  San  Francisco  Mountains,  central 
Arizona.* 

DISTINaUISHINO  CHARACTBRISTICS. 

Trees  growing  in  the  most  favorable  situations  have  narrow,  sharply 
conical  crowns  with  large  horizontal  branches,  straight,  rather  rapidly 
tapering  trunks,  and  long  slender  leaders,  characteristics  which  dis- 
tinguish the  species  at  a  distance  from  other  associated  trees.  Such 
trees  are  from  50  to  80  feet  in  height,  with  from  20  to  30  or  more  feet 
of  clear  trunk.  Young  trees  of  this  type  are  particularly  straight, 
with  very  sharp,  pointed  crowns  and  horizontal  branches.  Trees  in 
exposed  and  otherwise  unfavorable  situations  develop  broad,  rounded 
or  flat  crowns,  and  seldom  reach  a  height  of  more  than  25  or  30  feet, 
with  very  little  clear  stem.  Diameter  growth  of  Arizona  cypress 
varies  from  14  inches  to  nearly  4  feet.     (PL  III,  right.) 

The  trunk  bark  of  large  trees  is  from  1}  to  1§  inches  thick,  and  of 
small  ones  from  one-half  to  three-fourths  of  an  inch.  In  color  the 
bark  is  a  dull,  ashy  brown  on  the  outside  and  pale  to  dark  cinnamon- 
brown  when  broken.  It  is  firm,  somewhat  fibrous,  and  sharply  and 
deeply  furrowed,  the  main  narrow,  flat,  continuous  ridges  being  con- 
nected with  small  lateral  ones.  Bark  on  the  branches,  twigs,  and 
very  yoimg  trimks  is  loosely  scaly,  the  fresh  smooth  bark  beneath  the 
scales  being  reddish  to  a  dark  yellowish-brown.  The  minute,  scale- 
like,  sharp-pointed  leaves  (PL  I)  have  a  whitish  bloom,  which  gives 
the  foliage  a  pale  silvery  hue,  especially  pronoimced  in  yoimg  trees. 
The  leaves  are  mainly  without  pits  on  the  back;  very  rarely  with 
resinous  glands,  which  when  they  do  occur  are  exceedingly  small. 
This  latter  feature  and  the  general  absence  of  pits  distinguish  the 
foliage  of  Arizona  cypress  from  that  of  smooth  cypress  (Oupressus 
glabra)  f  which  is  commonly  marked  with  large  glandular  pits. 
Bruised  twigs  and  foliage  of  Arizona  cypress  exhale  a  strong  polecat- 
like odor,  while  the  trees  themselves  give  off  an  odor  which  sometimes 
can  be  detected  at  a  distance  of  100  yards. 

Mature  cones  of  Arizona  cypress  (PL  I,  &),  which  ripen  by  Septem- 
ber of  the  second  season,  vary  in  diameter  from  seven-eighths  of  an 
inch  to  an  inch,  and  remain  on  the  trees  for  many  years  (PL  II,  a,  6), 
changing  with  age  and  exposure  from  a  dark  imibor-brown  to  ashy 
gray.  The  conspicuous  bosses,  or  protuberances,  of  the  cone  scales 
are  usually  small   and  almost  pricklelike  on  cones  just  matinred 

1  Cupresstu  arisonJca  was  introduced  Into  England,  France,  and  Germany  about  32  years  a^o,  when, 
aocordJng  to  Elwes  and  Henry  (Trees  of  Great  Britain  and  Ireland,  VoL  V,  1 184, 1 185, 1910),  It  grows  thriftily 
and  hat  reached  a  height  of  from  16  to  about  80  leet 
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(PL  I,  a,  b),  and  larger  *  and  hornlike  on  the  older  fruit  (PI.  II,  a). 
The  deep  purplish-brown  seeds  (PI.  I,  c)  are  somewhat  triangular  in 
form  and  irregular  in  size,  but  usually  about  one-eighth  of  an  inch 
long.  The  seed-leaves  are  from  3  to  5  (PL  11,  d,  lowermost  long 
leaves). 

The  heartwood  of  Arizona  cypress  is  a  very  light  brownish-yellow, 
and  the  sapwood  a  pale  straw-color.  It  is  moderately  soft  and  of 
light  weight,  narrow-ringed  and  straight-grained,  splitting  easily. 
Dry,  freshly  cut  wood  has  a  slight  cedarlike  odor.  When  thoroughly 
seasoned  it  is  fairly  durable  in  contact  with  the  soil,  but  is  used  only 
to  a  limited  extent  in  supplying  local  demands  for  shakes,  posts, 
corral  poles,  and  rough  house  logs,  because  the  available  supply  is 
small  and  difficult  to  obtain.  The  best  grades,  however,  are  suitable 
for  sash,  doors,  blinds,  and  other  building  pxu^oses.  The  limiber 
seasons  well  and  is  readily  held  in  place. 

OCCUBRENCE  AND  HABITS. 

Arizona  cypress  grows  in  moist  or  rather  dry,  rocky,  shaly,  or 
gravelly  soils  on  mountain  slopes,  and  in  the  bottoms  and  on  the  sides 
of  canyons,  at  elevations  between  4,500  and  8,000  feet.  It  is  espe- 
cially fond  of  moist  north-slope  gulches  and  benches  where  the  growth 
is  more  dense  than  in  drier  situations.  For  the  most  part  it  forms 
pure  or  nearly  pure  stands,  quite  dense  on  the  more  favorable  sites. 
The  largest  and  best  formed  trees  occur  on  north  slopes,  in  coves, 
and  on  benches  in  protected  locahties,  where  the  soil  is  moist,  deep, 
and  more  permeable,  while  short  stunted  trees  are  found  in  exposed 
places  where  the  scanty  soil  is  drier  and  less  permeable.  Arizona 
cypress  is  occasionally  associated  with  Arizona  pine,  and  at  higher 
elevations  with  huckleberry  oak.  In  some  parts  of  its  range  repeated 
forest  fires  have  destroyed  the  stand  over  large  areas,  so  that  the  tree 
occurs  chiefly  in  patches  and  in  rather  small,  isolated  bodies. 

Seedlings  and  young  trees  are  apparently  able  to  endure  dense  shade 
without  having  their  height  growth  retarded.  Later  in  life  trees 
may  still  maintain  themselves  indefinitely  under  rather  heavy  top 
shade,  but  in  such  cases  growth  in  diameter  and  height  is  very  slow. 
The  lateral  branches  persist  for  a  long  time  even  in  very  close  stands. 

Arizona  cypress  is  a  prolific  seeder  and  in  some  locahties  bears 
cones  every  year.  Fresh  seed  shows  a  moderately  high  percentage 
of  germination,  but  the  seedlings  are  Ukely  to  come  up  tardily  at 
irregular  intervals.    When  seeds  remain  in  imopen  cones  on  Uving 

1  This  appears  to  be  due  to  the  growth  of  tissue  about  the  base  of  the  bosses  after  the  cone  matures,  and 
iH>nftttFWAff  also  throughout  the  cone  and  its  stem.  Cones  of  Cupressus  macnablana  and  Cupressus  glabra 
exhibit  the  same  characteristic.  (See  "Forest  Trees  of  the  Padflc  Slope/'  p.  165.)  Dried  cones,  in  which 
the  liTing,  spongy,  green  tissue  has  become  shrunken,  do  not  show  this  enlargement  as  conspicuously  as 
eoiiea  recently  odOficted. 
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trees  they  may  retain  their  vitality  for  at  least  several  years.*  He- 
production  takes  place  abundantly  where  the  exposed  mineral  soil  is 
moist  and  not  subject  to  washing  by  mountain  floods.  Seedlings 
are  scarce,  therefore,  on  steep,  rocky  slopes,  only  appearing  where 
the  seed  has  lodged  m  pockets  and  crevices.  A  small  amount  of  the 
seed  is  eat^i  by  rodents. 

LONGBvrnr. 

The  exact  age  attained  by  Arizona  cypress  is  not  at  present  known, 
but,  judging  from  the  few  records  available,  it  is  evidently  long-lived. 
Trees  from  12  to  38  inches  in  diameter,  in  full  enjoyment  of  top 
light,  are  from  100  to  310  years  old,  while  suppressed,  slow-growing 
trees  from  4J  to  5  inches  in  diameter  may  be  from  60  to  65  years 
old.  The  largest  trees  known  would  doubtless  prove  to  be  from 
375  to  400  years  old. 

SMOOTH  CYPRESS. 

Cupresms  glabra  Sud worth. 

COMMON  NAME  AND  EARLY  HISTORY. 

The  first  reference  to  this  new  and  handsome  cypress  was  published 
in  1895  and  was  based  on  the  discovery  of  a  grove  on  Pine  Creek 
at  **  Natural  Bridge,"  central  Arizona,  by  Prof.  J.  W.  Toumey,  who 
beUeved  the  tree  to  be  a  form  of  Arizona  cypress.*  It  was  not  dis- 
tinguished from  the  latter  tree,  however,  imtil  February,  1910,  when 
it  was  named  and  described  *  from  a  grove  of  trees  discovered  by 
Mr.  Arthur  H.  Zachau  on  the  north  slope  of  a  small  tributary  stream 
on  the  west  side  of  the  Verde  River  Canyon,  about  16  miles  south- 
east of  the  town  of  Camp  Verde,  Ariz.  This  grove  covers  an  area 
about  6  miles  long  by  1^  miles  wide.^  In  size  and  development  the 
trees  there  are  fairly  representative  of  the  species.  In  1910  Mr. 
Willard  Drake  reported  finding  the  species  on  the  Coconino  National 
Forest,  growing  with  Arizona  cypress,  while  in  the  same  year  Mr. 
R.  L.  Rogers  observed  it  in  the  Coronado  National  Forest.    Recently 

1  No  systematic  tests  have  yet  been  made  to  detennine  exactly  how  long  such  seeds  wUl  retain  tbdr 
germinative  vitality.  In  many  cases,  however,  the  author  has  found  perfectly  sound  seeds  in  closed  oonn 
that  have  been  attached  to  living  trees  for  eight  or  nine  years.  It  is  probable  that  still  older  aeeds  oooM 
be  found. 

s  Garden  and  Forest,  VIII,  32, 1805.  While  Prof.  Toumey  referred  to  the  Pine  Creek  trees  as  C.  arisonlca, 
he  nevertheless  expressed  doubt  as  to  their  being  the  same  as  the  Aritona  cypress  of  the  Chirloahiia  Moon* 
tains,  for  he  observed  that  the  bark  of  the  Pine  Creek  trees  ''i>eels  o£f  in  long  shreds." 

Prof.  Toumey's  reference  to  this  characteristic  of  the  bark  led  the  writer  to  suspect  the  "Natorri 
Bridge"  C3i>ress  to  be  the  same  as  the  Verde  River  Canyon  tree.  Prof.  C.  S.  Sargent  has  recently 
examined  specimens  of  Prof.  Toumey's  ''Natural  Bridge"  tree  and  finds  it  to  be  C.  glabca,  so  that  this 
grove  can  now  be  added  to  the  tree's  range. 

»  American  Forestry,  XVI,  88, 1910. 

*  This  grove  is  partly  on  a  ranch  belonging  to  William  A.  TInsley,  and  api»t>zlmately  in  township  U 
north,  range  6  east,  where  Ur.  Zachau  saw  it  first  in  1907,  and  called  the  writer's  attention  to  the  feet 
that  the  trees  there  had  very  different  bark  from  that  of  the  Arizona  cypress,  common  in  the  Chirlcatana 
Mountafais.  Special  credit  is  due  Mr.  Zachau  for  this  most  Important  observation,  which  resulted  in  an 
investigation  of  these  trees  by  the  writer  and  in  the  discovery  then  that  they  are  of  a  distinct  QMclei. 
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CUPRESSUS  ARIZONICA  (RlQHT)    WITH    CHARACTERISTIC    FURROWED    BaRK, 
CUPRESSUS  GLABRA  (LEFT)  WITH  SMOOTH  SCALY  BaRK. 
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Mr.  Alfred  Rehder  detected^  Cupressus  glabra  in  Oak  Creek  Canyony 
about  20  miles  south  of  Flagstaff,  Ariz.  In  the  same  year  Mr.  R.  D. 
Forbes  found  this  species  at  various  points  in  the  Tonto  National 
Forest,  Arizona.  Further  search  is  likely  to  reveal  its  existence 
elsewhere  in  Arizona  and  possibly  also  in  New  Mexico  and  Mexico. 

The  name  "smooth  cypress"  is  adopted  here  as  descriptive  of  the 
tree's  most  conspicuous  characteristic,  its  smooth,  purple-red  bark 
Settlers  in  the  Verde  River  Canyon  Imew  this  tree  long  before  its 
technical  discovery  and  called  it  "yew-wood,"  doubtless  because 
the  bark  of  the  tnmk  resembles  that  of  the  western  yew  {Taxu9 
hrevifolia). 

DISnNGXnSHING  CHARACTERISTICS. 

In  general  appearance  the  foliage  of  smooth  cypress  resembles 
that  of  the  Arizona  cypress,  though  the  former  species  can  be  dis- 
tinguished from  the  latter  by  the  compact,  narrowly  oval,  or  some- 
what pyramidal  crown.  The  branches  of  smooth  cypress,  particularly 
of  younger  trees,  are  strongly  upright.  Old  trees  grown  in  the  open 
develop  long,  lower  branches,  which  from  their  great  wei^t  are  less 
upright  than  those  of  trees  of  the  same  age  in  a  dose  stand.  In 
height  the  trees  range  from  25  to  30  feet,  and  in  diameter  from  10  to 
14  inches,  though  much  larger  trees  probably  exist.'  The  tnmk  is 
slightly  tapering,  while  the  upper  portion  is  sometimes  divided  into 
several  branches,  in  this  respect  differing  from  the  usual  undivided 
stem  of  Arizona  cypress.  Only  about  one-fourth  to  one-third  of 
the  trunk  is  clear  of  branches  (PI.  HI,  left). 

The  most  distinctive  characteristic  of  this  tree  is  its  thin,  smooth, 
dark  purple-red  bark.  Each  season's  growth  of  bark,  from  one- 
sixteenth  to  one-eighth  of  an  inch  thick,  breaks  irregularly  into 
small,  ciu*led,  scaleUke  plates,  which  fall  away  during  the  succeeding 
autumn  and  winter,  leaving  the  tnmk  smooth.  Vigorous  trees  shed 
their  bark  more  rapidly  and  completely  than  less  thrifty  ones.  The 
foliage  is  a  bright  blue-green  (glaucous).  The  minute,  scaleUke, 
acutely  pointed  leaves  (PI.  IV),  about  one-sixteenth  of  an  inch  long 
and  closely  pressed  on  old  sprays,  are  thickened  and  keeled  on  the 
back,  where  in  practically  every  case  there  is  a  comparatively  large 
resin  gland,  a  characteristic  which  distinguishes  the  leaves  from  those 
of  Arizona  cypress.  Young  shoots  bear  closely  pressed  leaves  from 
one-fourth  to  one-half  of  an  inch  long,  with  very  keen  and  more  or 
less  spreading  points  (PI.  V,  a).  The  leaves  die  during  the  second 
year,  turn  a  bright  red-brown,  and  remain  on  the  twigs  for  about  4 
years,  after  which  they  are  shed  slowly,  and  later  these  small  branches 

1  Reported  to  the  writer  In  letter  by  ProL  C.  8.  Sargent,  Nor.  6, 1914. 

s  Aooording  to  ProL  J.  W.  Toomey  (k)c.  dt.)  some  of  the  trees  in  the  "Natural  Bridge"  grove  (which 
most  now  be  ooDsidered  to  be  C.  glahia)  are  3  fMt  in  diameter. 
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become  ashy  gray.  The  spherical  cones  *  (Pis.  IV,  V)  are  borne  on 
stout  stems  from  one-fourth  to  one-half  of  an  inch  long  (PI.  IV,  a), 
and  mature  at  the  end  of  the  second  season.  In  diameter  they 
range  from  seven-eighths  to  one-eighth  of  an  inch,  and  are  composed 
of  from  6.  to  8 '  scales,  armed  with  large  incurved,  somewhat  flat- 
pointed  bosses. 

The  mature  cones  are  smooth,  but  oonspicuously  wrinkled,  and 
covered  with  a  deep  blue-gray  bloom,  which  when  rubbed  off  reveab 
a  rich  dark-brown  color  beneath.  Very  old  cones  (PL  IV,  a)  are 
ashy-gray,  with  bosses  much  less  conspicuous*  than  in  newly  ma- 
tured  cones  (PL  V).  Inmiature  cones  of  one  season's  growth  are 
light  reddish-brown,  with  areas  of  pale-bluish  bloom.  Mature  cones 
may  remain  on  the  trees  unopened  for  from  14  to  18  years,  and 
possibly  even  longer.*  The  red-brown  seeds  vary  greatly  in  shape 
from  a  rounded  to  a  triangular  and  somewhat  rectangular  form,  and 
may  be  from  three-sixteenths  to  five-sixteenths  of  an  inch  long,  more 
often  the  latter.  Each  cone  contains  from  about  70  to  112  seeds,  the 
largest  niunber  occurring  in  cones  with  8  scales.  The  large  size  of 
the  seeds  at  once  distinguishes  them  from  those  of  Arizona  cypress, 
though  in  color  and  form  the  two  are  similar.  Seed-leaves  vary  in 
number  from  3  to  4. 

The  sapwood  of  smooth  cypress  is  a  pale  straw-color  and  the  heart- 
wood  a  very  light  brownish-yellow.  Seasoned  wood  is  hard,  rather 
heavy,  strong,  and  with  very  narrow  rings  of  growth.  As  in  the  case 
of  Arizona  cypress,  the  freshly  cut,  dry  wood  has  a  slightly  cedarlike 
odor,  which  is  less  pronounced  in  green  wood.  Thoroughly  seasoned 
wood  is  moderately  durable  in  contact  with  the  soil,  fence  posts  last- 
ing about  20  years,  and  corral  poles  30  to  35  years.  Cabins  built  of 
the  logs  40  years  ago  are  still  in  a  good  state  of  preservation.  Hie 
small  size  of  the  trees  and  the  limited  supply  have  confined  the  use 
of  the  wood  mainly  to  local  needs.  It  has  been  employed  to  a 
limited  extent  for  fence  posts,  corral  poles,  and  rough  house  logs, 
fuel,  telephone  poles,  and  mine  props. 

1  Hale  flower-buds  (PI.  V,a)  were  abundaDt  when  the  trees  were  seen  in  lata  aatonm.  The  writer  Im 
bad  no  opportunity  for  examining  trees  in  the  spring,  so  that  female  flowers  have  not  been  obtained. 

s  Very  young  cones  may  have  10  scales,  but  at  maturity  2  of  the  basal  ones  become  abortive. 

*  Due  to  the  thickening  of  the  tissue  through  growth  after  maturity.  In  the  case  of  Cupressns  glalm 
the  formation  of  green  spongy  tissue  in  old  cones  appears  to  enlarge  or  thickeo  only  the  main  body  of  tte 
cone-scales  without  increasing  the  siie  of  the  bosses,  while  in  the  case  of  C.arisooica  this  grawUienlufei 
the  bosses  as  well  as  the  body  of  the  scales. 

4  No  systematic  tests  have  yet  been  made  of  the  germination  of  seeds  Ikxmi  cones  of  dUSerent  ages.  A 
physical  test,  however,  showed  the  majority  of  seeds  in  the  oldest  cones  to  be  in  a  perfectly  sound  and 
apparently  germinable  condition.  The  almost  phenomenal  preservation  of  these  seeds  can  be  accounted 
for  only  by  the  greeo  state  of  the  cone,  which  supplies  and  maintains  an  equable  amount  of  moisture,  and 
by  the  presence  of  a  considerable  amount  of  tannin  in  the  woody  parts  of  the  CQii»«oalei  which  prob- 
ably prevents  decay  of  the  seeds. 
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OCCURBXNCS  AND  HABITS. 

In  the  Verde  River  Canyon  grove  smooth  cypress  grows  abund- 
antly in  gravelly  and  shaly  soils  on  benches,  gentle  sloped,  and  low 
ridges  at  elevations  between  3,700  and  5,500  feet.  It  is  best  devel- 
oped in  protected  watered  gulches  and  on  the  gentler  slopes  and 
benches  where  the  soil  is  moist.  At  low  elevations  it  is  associated 
with  Pinus  monophylla,  Pinus  edulid,  Quercus  chrysolepsis,  and  Rhus 
lamina,  while  higher  up  it  forms  nearly  pure  stands. 

Little  is  known  at  present  regarding  the  light  requirements  of 
smooth  cypress  during  its  early  stages  of  growth,  but  in  later  life, 
judging  from  the  greater  density  of  its  crown,  this  species  should  be 
as  tolerant  of  shade,  if  not  more  so,  than  Arizona  cypress. 

Smooth  cypress  is  a  prolific  seeder,  usually  producing  cones  every 
year.  The  fresh  seed  shows  a  moderately  high  percentage  of  germi- 
nation, while  the  vitality  of  older  seed  probably  declines  rapidly  after 
the  fifth  year. 

LONOEvrrr. 

The  extreme  age  attained  by  this  species  has  not  yet  been  deter- 
mined, but  it  is  probably  as  long  lived  as  Arizona  cypress.  The 
largest  trees  found  so  far  are  at  least  200  or  250  years  old. 

GENERIC  CHARACTERISTICS  OF  JUNIPERS. 

The  junipers  are  evergreen  trees  that  in  general  appearance  some- 
what resemble  the  cypresses,  though  their  berrylike  fruits  at  once 
distinguish  them  from  the  latter.  The  adult  foliage  of  most  junipers 
covers  the  branchlets  closely  and  consists  of  short  minute  scalelike 
sharp-pointed  leaves  arranged  in  groups  (whorls)  of  three  or  in  oppo- 
site pairs,  each  of  the  latter  alternating  in  position  around  the  stem. 
In  some  species  all  of  the  adult  leaves  occur  in  threes  instead  of  in 
pairs  and  are  then  much  longer,  needlelike,  standing  out  loosely  at 
r^ular  intervals  (Pis.  VI,  VII).  The  margins  of  the  leaves  are 
smooth  or  minutely  toothed.  The  juvenile  or  primary  foliage  pro- 
duced by  seedlings  and  older  yoimg  plants  of  the  first  group  of  junipers 
noted  is  more  or  less  similar  in  general  appearance  to  adult  foUage  of 
the  last  group  mentioned.  This  primary  fohage  gradually  gives  way, 
however,  as  the  plants  grow  older  to  the  adult  scalelike  form  of 
leaves.  The  dose  scalelike  type  of  leaves  very  often  have  a  pit  or 
resinous  gland  on  the  back  (PL  XIII).  When  bruised,  the  foliage  of 
junipers  emits  a  pungently  aromatic  odor. 

The  needlelike  seed-leaves  of  jimipers  are  2  to  6  in  nxunber 
(PL  XIX). 
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The  minute  inconspicuous  flowers  of  junipers  are  of  two  sexes. 
Male,  or  pollen-bearing  flowers  (PL  XII,  a),  and  female  flowers,  whidi 
develop  into  fruit,  are  each  borne  chiefly  on  different  trees,  or  in  the 
case  of  some  species  on  the  same  tree  (XXIV,  a). 

The  fruits,  popularly  called  ''berries,"  are  morphologically  cones, 
the  pulpy  berrylike  covering  being  made  up  of  the  fleshy  flower 
scales  which  imite  as  the  fruit  develops,  so  as  to  inclose  the  hard, 
seeds  (I  to  12  in  nxunber;  PL  XI).  The  points  of  the  flower  scales 
usually  project  from  the  surface  of  the  fruit.  Most  of  our  native 
junipers  mature  their  fruit  in  from  one  to  two  seasons  (two  summers 
and  one  winter),  while  one  species  requires  three  seasons  (two  sum- 
mers and  two  winters).*  When  ripe,  the  berries  are  dark  blue,  red- 
brown,  or  copper  colored,  and  except  in  the  case  of  one  Texas  juniper 
the  surface  is  covered  with  a  whitish  bloom,  which  is  easily  rubbed  off. 
The  pulpy  flesh  of  the  berries  is  slightly  juicy  or  mealy,  sweetish,  and 
often  strongly  aromatic,  due  to  the  presence  of  resin  cells.  Both 
birds  and  mammals,  especially  the  former,  eat  the  berries  and  thus 
play  a  most  important  part  in  the  dissemination  of  the  seeds.'  Other- 
wise their  distribution  would  be  exceedingly  slow,  for  the  berries  are 
too  heavy  to  be  carried  far  from  the  mother  trees  except  on  washed 
slopes. 

Junipers  are  further  characterized  by  their  narrow-ringed  aromatic 
durable  wood,  the  ''heart"  portion  of  which  is  dull  yellow-brown  in 
some  species  and  a  dear  rose-purple  red  in  others.  The  tnmk  bark 
is  rather  soft  and  distinctly  stringy,  one  species  only  having  brittle 
checkered  hard  bark  (PL  XX). 

Junipers  are  small  or  at  most  only  medixun-size  trees  unfit  in  most 
cases  for  saw  timber  except  for  some  minor  purposes,  although  the 
wood  itself  is  suitable  for  general  use.  It  is  used  largely  for  fence 
posts,  fuel,  especially  in  localities  where  no  other  trees  grow;.  From 
the  forester^s  standpoint  junipers  are  important  because  of  their 
ability  to  grow  on  dry  barren  slopes  and  exposed  situations  where 
few  if  any  other  trees  will  thrive. 

Twelve  tree  junipers  inhabit  the  United  States,  nine  of  which 
occur  within  the  Rock  Mountain  region.  Of  the  other  three  species, 
one  is  confined  to  Calif omia,  while  two  are  found  only  in  the  eastern 
United  States. 

Junipers  are  of  ancient  origin,  remains  of  them  in  Tertiary  rocks 
showing  that  they  inhabited  Europe  ages  ago. 

1  Prof.  John  O.  Jack  was  th«  first  to  point  oat  that  in  New  England  the  conunon  dwarf  Juniper  (Jmmiptnu 
eomfHttfiit)  requires  three  seasons  for  ripening  its '^  berries"  (Bot.  Oasette,  XVm,  360,  PI.  XXXm.  1808). 
It  is  not  known  whether  or  not  the  species  has  a  different  habit  elsewhere  in  Its  wide  range. 

f  The  hard  bony  coverings  of  the  seeds  are  entirely  unaffected  by  dlgesttoi  except,  as  is  believed,  facflltm^ 
ing  in  some  degree  their  germlnatloo. 
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CUPRESSUS  GLABRA:  FOLIAGE  AND  NEWLY  RIPENED  CLOSED  CONES. 
a,  Male  flower  buds  (in  outunin);  6,  new  shoot  showing  large  form  of  leaves. 
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JUNIPERUS  COMMUNIS:  STERILE  BRANCH. 
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JUNIPERUS  COMMUNIS:  FERTILE  BRANCH  AND  RiPE  FRUIT. 
a.  Seeds  (n.itural  size  and  eiiUirged  twice  natural  sixe)  divested  of  the  pulp. 
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COBfMON  JUNIPER.  1 

Juniperui  communi$  Linnttus. 

COMMON  NAME  AND  EARLY  HISTORY. 

The  common  or  dwarf  juniper  is  the  most  widely  distributed  tree 
inhabiting  the  northern  half  of  the  globe.'  It  was  technically  named 
and  described  in  1753,  probably  from  specimens  obtained  from  north- 
em  Europe.  Apparently,  however,  it  was  previously  long  known 
in  Europe  and  in  Asia.  It  is  difficult  to  determine  when  it  was  first 
found  in  North  America.  The  earliest  botanical  account  of  it,  how- 
ever, as  a  native  of  this  country  appeared  in  about  1803.  Jimiperus 
communis  has  a  long  botanical  history  in  which  various  forms  have 
been  described  under  about  sixteen  different  specific  and  varietal 
names.  Thirteen  varieties  are  now  distinguished  in  cultivation,  the 
best  marked  one  being  J.  communis  sibirica.  The  generally  accepted 
vernacular  name  of  this  species,  ''common  juniper,^'  is  derived  from 
its  technical  name.  Occasionally  it  is  called  ''dwarf  juniper *'  and 
"ground  cedar.'' 

DISTINGUISHINO  CHARACTERISTICS. 

Throughout  its  wide  range  in  North  America  common  juniper 
attains  tree  size  only  in  a  few  counties  of  southern  Illinois,  where  it 
grows  to  a  height  of  from  15  to  nearly  25*  feet  and  a  diameter  of 
from  6  to  8  inches.  Elsewhere  it  is  a  shrub  less  than  5  feet  high, 
with  numerous  slender,  half-prostrate  stems  forming  a  tangled  mass 
from  5  to  10  feet  across.  Its  very  imsymmetrical  trunk  has  con- 
spicuous rounded  ridges  and  intervening  grooves  at  and  near  the 
ground.  It  is  clear  of  branches  for  only  a  few  feet,  and  the  crown, 
narrow  alid  very  open,  has  short,  slender  branches  trending  upward. 
The  bark,  in  color  a  deep  chocolate  brown  tinged  with  red,  is  less 
than  one-eighth  of  an  inch  thick  and  composed  of  loosely  attached, 
extremely  thin  scales. 

The  dark,  lustrous  green,  keenly  pointed,  needleUke,  or  narrow, 
lance-shaped  leaves  (Pis.  VI,  VII),  are  chalky  white  on  their  upper 

1  The  prostrate,  high  mountain  farm  of  tliis  species  must  be  considered  a  variety,  J.  communis  sibirica 
(Burgsd.)  Rydberg.  It  differs  from  J.  communis  L.  in  being  wholly  prostrate,  uid  also  in  the  fact  that 
its  foliage  is  often  shorter  tlian  that  of  J.  communis. 

Another  jirostrate  shrub  Juniper,  more  or  less  common  from  Maine  and  New  Foundland  to  Hudson 
Bay  and  the  eastern  slopes  of  the  Rockies  in  Montana  is  Junipems  sabina  prostrata  (Pers.)  Loudon.  J. 
sabisa,  of  which  this  prostrate  shrub  is  held  to  be  a  variety,  is  generally  distributed  through  central  and 
SQuthem  Europe  and  Siberia.  It  is  distinguished  from  the  North  American  variety  by  being  a  strictly 
upright  shrub,  or  occasionally  a  small  tree.  The  freshly  cut  wood  and  crushed  twigs  of  these  plants  have 
acharacteristic,  rather  disagreeable  odor.  They  are  further  distinguished  from  J.  communis  and  its  variety 
J.  communis  sibirica  by  having  the  short  scalelike,  pointed  leaves  in  alternately  arranged  pairs,  the  points 
of  the  leaves  more  or  less  spreading  and  free.  The  needlelike  leav  es  of  J.  oonununis  are  arranged  in  groaps 
of  three. 

*  It  also  grows  naturally  in  northern,  centiBl,  and  eastern  Asia,  as  well  as  in  northern  and  central  Europe. 

•  In  Qermany  and  Norway  it  is  said  to  attain  30  to  40  feet  or  more  in  height. 
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Bide,  a  characteristic  which  clearly  distinguishes  this  juniper  from  all 
other  native  species.  The  leaves  spread  widely  from  the  triangular 
branchlets  in  groups  of  three  at  rather  regular  intervals,  those  of  each 
season's  growth  persisting  for  five  or  six  years.  Young  plants  of 
other  species,  especially  of  Juniperus  virginiana,  have  sharp-pointed 
leaves  similarly  arranged,  but  much  shorter  and  more  slender.  Male 
and  female  flowers  are  usually  borne  on  different  twigs  of  the  same 
tree,  though  sometimes  on  different  trees.  The  ''berri^"  (PI.  VTI) 
are  mature  at  the  end  of  the  third  smnmer,  when  they  are  very  dark 
blue,  almost  black,  and  coated  with  whitish  bloom.  The  top  of  the 
''berry"  is  conspicuously  marked  by  three  blunt  projections,  which 
are  points  of  the  ovules  (PL  VII).  The  soft  flesh  of  the  ripe  fruit  is 
dry,  resinous-aromatic,  and  sweet,  and  sometimes  contains  one,  but, 
commonly,  from  two  to  four  hard,  bony  seeds.  Birds  and  manmials 
eat  the  berries  greedily  and  thus  assist  in  disseminating  the  seed ;  other- 
wise the  fruit  may  remain  on  the  branches  during  the  following 
winter  or  spring,  occasionally  even  until  late  smnmer,  before  falling 
to  the  ground. 

The  heartwood  of  common  juniper  is  pale,  yellowish  brown,  heavy, 
rather  tough,  very  narrow-ringed,  and  exceedingly  durable.  Even 
the  largest  tree  form  of  this  juniper  known  in  the  United  States  is  too 
small  to  be  of  any  commercial  value,  though  the  more  common 
shrubby  type  forms  a  low,  matted  ground  cover  on  the  highest  Mid 
most  exposed  slopes  and  crests,  effectively  holding  masses  of  snow 
imtil  stored  water  is  gradually  given  up  to  the  soil. 

OCCURRENCE  AND  HABITS. 

Common  juniper  occurs  on  dry  knolls,  sandy  flats,  rocky  slopes  and 
ridges,  interspersed  among  spruce  and  aspen,  at  elevations  between 
about  2,700  and  10,000  feet.*  Generally,  however,  it  grows  at  alti- 
tudes between  4,500  and  8,000  feet.  It  is  extremely  tolerant  of  shade, 
where,  however,  its  growth  is  very  much  slower  and  its  foliage  less 
dense  than  in  full  light. 

Common  juniper  is  a  fairly  abimdant  seeder.  Seed  crops,  some- 
what larger  than  the  ordinary,  occur  at  irregular  intervals  of  from  two 
to  three  years.  On  the  whole,  reproduction  is  rather  sparse  and 
irregular,  due  no  doubt  to  the  fact  that  most  of  the  berries  are  eaten 
by  birds,  comparatively  few  of  them  reaching  the  ground  in  the  imme- 
diate vicinity  of  the  mother  plants,  where  conditions  for  germination 
are  most  favorable.  The  fact  that  berries  of  this  juniper  require  so 
long  a  period  to  mature  may  also  account  in  some  measure  for  die  lack 
of  natural  production. 

1  The  vertical  range  of  the  common  juniper  Taries  enormously  throuifhout  its  world-wide  dirtrflmtloa* 
from  aea  level  on  tbe  Paoiflo  coast  to  14,000  tset  in  the  mmalayas. 
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LONOSTRT. 

Small  trees  from  2  to  4  inches  in  diameter,  such  as  occur  in  this 
country,  are  from  26  to  33  years  old.  Records  of  trees  grown  in  Nor- 
way show  that  one  13  inches  in  diameter  was  114  years  old,  while 
another  12^  inches  through  was  300  years  old.  Sixteen-inch  trees 
ranged  from  130  to  150  years  in  age,  and  a  14-inch  tree  had  attained 
216  years.  Dr.  Whittmack^  speaks  of  a  tree  of  this  species,  4  or  5 
feet  in  diameter  at  the  base,  cut  in  the  parish  of  Kokenberg,  in  Livland, 
Sweden,  which  had  reached  the  extreme  age  of  2,000  years. 

WESTERN  JUNIPER. 

Junipertu  occidenUdU  Hooker. 

COMMON  NAME  AND  BABLT  HI8TORT. 

Throughout  its  natural  range  this  high  mountain  species  is  called 
"juniper,"  seldom  being  distinguished  from  other  juniper  trees  of  the 
same  general  region.  The  name  ^'western  juniper,"  adopted  here, 
is  coined  from  the  tree's  technical  name. 

Juniperus  occidentalis  is  only  sparingly  represented  in  the  Rocky 
Mountain  region,  its  main  range  lying  in  the  Pacific  States.  There 
appears  to  be  no  record  of  the  earUest  discovery  of  this  tree,  which 
was  probably  seen  by  Lewis  and  Clark  on  their  expedition  to  our 
Northwest  in  1804  to  1806,  for  their  route  took  them  through  a  part 
of  its  range.  The  tree  received  its  present  technical  name,  Jimiperus 
occidentalis  Hooker,  in  1839.  Some  of  the  early  writers  confused  the 
first  specimens  collected  of  mountain  red  cedar  with  J.  occidentalis, 
but  only  three  other  technical  names  have  been  appUed  to  it  during 
the  nearly  100  years  it  has  been  known  to  science. 

DISnNOniSHINO  CHABACTBRISnCS. 

Western  juniper  has  a  round-topped,  open  crown,  extending  to 
within  from  4  to  8  feet  of  the  ground,  and  a  short,  thick,  conical 
trunk.  In  the  Rocky  Mountain  region  its  height  varies  from  15  to  20 
feet,  or  occasionally  even  to  30  feet.  Much  taller  trees,  60  or  more 
feet  high  and  with  diameters  sometimes  as  large  as  60  inches,  occur 
in  protected  situations  in  the  Pacific  region. 

The  short  chunky  stem  is  ridged  and  grooved,  but  is  usually  straight, 
or,  in  the  most  exposed  sites,  sometimes  bent  and  twisted.  The  tree 
develops  enormously  long  and  large  roots,  which  enable  it  to  with- 
stand the  fierce  winds  of  high  mountains.  Huge  lower  branches 
often  rise  like  smaller  trunks  from  the  base  and  middle  of  the  stem. 
Other  branches  are  large  and  stiff,  standing  out  straight  or  trending 

1  Oartenflon,  xxxvl,  139, 1887. 
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upward  from  the  trunk,  while  there  are  also  many  short  ones.  Some- 
times the  top  is  divided  into  two  or  three  thick  forks,  giving  the  tree 
a  broader  crown  than  usual.  In  such  cases,  if  the  trees  grow  on  flats 
with  deep  soil,  the  crowns  are  dense,  symmetrical,  round-topped,  and 
conical,  and  extend  down  to  within  6  feet  of  the  ground.  Yoimg 
trees  have  straight,  sharply  tapering  stems  and  narrow,  open  crowns 
of  distant,  slender,  but  stiff-looking,  long,  upturned  branches.  In 
old  age  the  lowAr  and  middle-crown  branches  often  droop,  but  their 
tips  continue  to  turn  upward.  The  firm  stringy  bark  of  the  trunk  is 
a  clear,  light  cinnamon-brown,  one-half  to  1}  inches  thick,  distinctly 
cut  longitudinally  by  wide,  shallow  furrows,  the  long  flat  ridges  being 
connected  at  remote  intervals  by  narrower  diagonal  ones.  Bark  of 
branchlets  that  have  recently  shed  their  leaves  is  smooth,  very  thin, 
and  clear  reddish-brown,  but  later,  as  the  twigs  grow  larger,  is  divided 
intp  loosely  attached,  thin  scal^  of  lighter  red-brown. 

The  short,  pale  ashy-green,  scalelike  leaves  (PI.  VIII)  clasp  the 
stiff-looking  twigs  closely,  the  longer,  sharper  leaves  of  young,  thrifty 
shoots  spreading  sUghtly  at  their  points  (PL  VIII,  a).  All  leaves  haye 
a  prominent,  glandular  pit  on  the  back,  the  abundant  whitish  resin  of 
which  marks  the  twigs  conspicuously  and  is  a  distinguishing  character. 
The  leaves  are  arranged  on  the  stems  in  successive  groups  of  three, 
thus  forming  roimded  twigs  with  six  longitudinal  rows  of  leaves. 
The  margins  of  the  leaves  are  minutely  toothed.  Those  produced 
each  season  die  in  about  their  second  year. 

Male  and  female  flowers  are  borne  on  different  trees.  The  '*  ber- 
ries'' (PL  VIII),  from  one-fourth  to  one-third  of  an  inch  in  diameter, 
mature  about  the  first  of  September  of  the  second  year,  when  they 
are  bluish  black  with  a  whitish  bloom.  The  skin  is  tough,  and  only 
shghtly  marked  at  or  near  the  top  of  the  berry  by  the  tips  of  the  female 
flower  scales.  The  sweetish,  pungent  aromatic  flesh  of  the  ripe  berries 
is  scanty,  dry,  and  contains  from  two  to  three  bony,  pitted,  and  grooved 
seeds  (PL  VIII,  &,  c,  d).  Seed-leaves,  two  in  nimaber,  are  needlelike, 
sharp  pointed,  and  about  an  inch  long.  Seedling  leaves  are  similar 
in  form,  but  much  shorter,  spreading  in  groups  of  three  at  close  inter- 
vals. The  leaves  produced  in  subsequent  years  are  successively 
shorter  and  closer  in  their  arrangement,  until  about  the  third  or  fourth 
year,  when  a  few  twigs  bear  leaves  of  adult  form. 

The  wood  of  western  jimiper  is  pale  brown,  tinged  with  red,  with  a 
slight  aromatic  odor,  very  narrow-ringed,  and,  like  that  of  the  other 
brown-wooded  jimipers,  remarkably  durable.  It  is  soft  and  brittle, 
and  splits  easily,  in  this  respect  resembling  the  wood  of  the  eastern 
red-wooded  pencil  cedars  (J.  virginiana  and  J.  harhadensis).  The 
short,  of  ten  very  knotty  trunks,  are  much  used  locally  for  posts  and 
fuel,  but  furnish  poor  saw  timber,  though  they  would  give  good  blocks 
for  pencils. 
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JUNIPERUS  8COPULORUM:  FOLIAGE  AND  RiPE  FRUIT  FROM  TREE  IN  PROTECTED  SiTE. 
a,  b.  Variable  Dumber  of  seeds  in  different  berries  (natural  size  and  enlarged  twice  natural  size). 
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JUNIPERUS  SCOPULORUM:  FOLIAGE  AND  RiPE  FRUIT  FROM  TREE  IN 

Exposed  Site. 
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OOCirRRENCE  AND  HABITe. 

Western  juniper  grows  on  exposed  high  mohntain  slopes  and  sides 
of  canyons,  in  dry  gravelly  and  rocky  soils,  and  sometimes  in  crevices 
of  bare  rocks.  In  the  Rockies*  it  is  foimd  generally  at  elevations 
between  2,000  and  9,000  feet,  though  most  often  between  6,000  to 
8,000  feet,  where  the  best  growth  occurs.  It  usually  forms  very 
open  but  practically  pure  stands,  and  is  sometimes  scattered 
among  other  trees  of  itd  high  range.  As  a  rule,  pure  stands  are 
limited  to  from  a  few  to  40  or  50  acres.  Western  jimiper  is  forestrally 
important  because  it  thrives  at  high  elevations,  in  dry  wind-swept 
situations,  where  few  other  trees  can  exist.  It  always  grows  in  the 
full  enjojinent  of  light,  and  appears  to  be  decidedly  intolerant  of 
shade.  Even  seedUngs  in  partial  shade  are  much  less  vigorous  than 
young  plants  growing  in  full  light. 

Western  juniper  produces  its  fruit  abimdantly,  yet  the  seedlings 
are  always  much  scattered  and  occur  only  in  pure  mineral  soil. 
As  in  the  case  of  other  junipers  many  of  the  berries  are  eaten  by 
birds,  which  assists  in  distributing  the  seed;  but  very  tardy  germina- 
tion of  the  seed  imder  the  particularly  unfavorable  conditions  within 
the  tree's  habitat,  as  well  as  the  fact  that  seedlings  can  not  grow  in 
better  soil  under  the  shade  of  other  trees,  probably  accounts  for  the 
sparse  reproduction. 

LONOBVITY. 

While  the  extreme  age  this  tree  may  attain  is  not  yet  fully  deter- 
mined, it  is  known  to  be  exceedingly  long-lived.  Both  height  and 
diameter  growth  are  slow  when  the  tree  is  rooted  in  crevices  of  rock 
and  exposed,  as  it  usually  is,  to  fierce  winds.  Even  in  such  situa- 
tions, however,  it  grows  persistently,  producing  a  tnuik  that  is  out 
of  all  proportion  in  thickness  to  its  height.  The  wood  of  such  trees 
IS  very  narrow-ringed  (one-sixth  to  one-tenth  of  an  inch),  indicating 
great  age.  In  protected  mountain  coves  and  on  flats  with  deep 
washes  of  loose  earth,  diameter  growth  is  more  rapid  and  the  annual 
rings  wider.  Trees  of  this  type,  from  20  to  48  inches  in  diameter, 
are  from  126  to  300  years  old,  while  in  general  the  age  of  full-grown 
trees  is  estimated  to  be  between  500  and  700  years.  The  largest 
trees  grown  in  exposed  places  are  probably  from  800  to  1,000  or  more 
years  old. 

1  EbewberB  in  its  range  this  Jimiper  has  a  widely  varying  vertical  dlstrfibution  from  600  to  about  10,500 
feet,  the  behest  elevation  attained  bein^  in  the  Califtnnia  Sierras.  Its  commonest  occunenoe  there  is 
St  elevations  between  6,000  and  9,000  feet. 

84703*— BuU.  207—15 2 
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MOUNTAIN  RED  CEDAR. 

Juniperua  scopulorum  Saigent. 

COMMON  NAME  AND  EABLY  HISTORY. 

Mountain  red  cedar  was  for  a  long  time  supposed  to  be  a  western 
form  of  the  red  cedar  {Juniperua  virginiana)  of  northeastern  United 
States.  The  two  species  resemble  each  other  in  the  general  appear- 
ance of  their  foliage  and  fruit  and  especially  in  the  dark  purple-red 
color  of  their  heartwood,  but  the  moimtain  red  cedar  differs  funda- 
mentally from  the  eastern  cedar  in  that  its  berries  require  two  sea- 
sons to  mature,  while  those  of  the  latter  species  mature  in  one. 

Moimtain  red  cedar  was  first  discovered  in  1804  *  by  Lewis  and 
Clark  while  on  their  memorable  expedition'  across  this  continent. 
The  first  technical  name  applied  to  the  tree  is  Juniperus  excelsa 
Pursh,*  which  was  published  in  1814.  From  1838  to  1897  other 
authors  referred  to  this  tree  mainly  as  J.  virginiana  and  sometimes  as 
J.  occidentalism  while  specimens  shown  at  the  Centennial  Exposition 
in  1876  were  described  as  J.  virginiana  var.  montana  Vasey.*  Prof. 
C.  S.  Sargent  ^  distinguished  the  tree  from  J.  virginiana  in  1897 
and  named  it  J.  scopulorum.  A  noteworthy  fact  is,  however,  that 
in  1876  Dr.  George  Vasey,  the  first  botanist  of  the  United  States 
Department  of  Agriculture,  gave  to  this  tree  the  distinct  common 
name  '*  Rocky  Moimtain  red  cedar,"  •  and  also  pointed  out  the 
fimdamental  differences  between  its  crown  form  and  the  eastern 
red  cedar.  His  recognition  of  these  distinctions  would  seem  to 
show  that  Dr.  Vasey  was  really  the  first  author  to  separate  this  tree 
from  its  eastern  relative  and  but  for  his  imfortunate  use  of  a  pre- 
occupied name  C'var.  montana'^)  Dr.  Vasey's  name  for  the  tree 
probably  could  now  be  maintained. 

dishnguishino  chabacteristics. 

In  open,  exposed  situations  mountain  red  cedar  is  somewhat  bushy 
and  from  10  to  20  feet  high,  with  a  short  trunk  from  6  to  10  inches 
in  diameter,  and  a  rather  narrow,  rounded  crown  of  large,  long  Umbs 
trending  upward.  Often  the  very  short  trunk  is  divided  into  several 
stems.  In  sheltered  canyons  and  other  protected  places,  however, 
the  trunk  is  straight  and  sharply  tapered,  while  the  tree  has  an  open, 
slender-branched  crown,  and  attains  a  height  of  from  25  to  30  or 
more  feet  and  a  diameter  of  from  12  to  30  inches.    In  this  form  the 

1  Fide  Sargent,  SUva,  XIV,  94, 1902. 

*  History  of  Expedition  under  Command  of  Lewis  and  Clark,  il,  457  <ed.  Coues). 

t  This  name  is  unavailable  for  the  mountain  red  oedar,  because  Bleberstein  ^>plied  it  to  an  Aaiatio  jcin^ 
inlgOO. 

*  A  name  preoccupied  by  Alton,  who  in  1789  applied  it  toa  fonn  of  the  common  jun^wr  (Jmrniptrw  dw* 
munis),  thus  making  it  unavailable  for  the  Rocky  Mountain  tree. 

*  Garden  and  Forest  X,  420,  fig.  54, 1897. 
•Report  U.  8.  Dept  Agr.  1875, 185, 1876. 
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ends  of  the  branches  and  twigs  are  often  so  drooping,  or  even  pendent, 
that  the  tree  is  locally  called  ** weeping  juniper."  The  somewhat 
stringy  bark,  shallowly  cut  into  a  network  of  narrow  seams  and 
ridges,  is  grayish  on  the  outside  and  red-brown  within. 

The  minute,  scalelike,  pointed,  often  long-pointed,  leaves  (Pis. 
EX,  X)  cover  the  slender  four-sided  twigs  in  four  rows  of  alter- 
nately opposite  pairs.  The  back  of  each  leaf  usually  has  a  long, 
indistinct  pit  (gland).  The  margins  of  the  leaves  are  smooth.  The 
foliage  varies  in  color  from  a  dark  to  a  light  green,  the  latter  shade 
being  emphasized  by  a  whitish  bloom. 

Male  and  female  flowers  are  borne  on  different  trees.  The  mature 
berries  (Pis.  IX,  X)  are  smooth,  and  clear  blue  in  color,  due  to  a 
whitish  bloom  over  the  blackish  skin.  They  usually  contain  2  seeds, 
but  sometimes  3,  and  occasionally  1,  in  a  sweetish,  resinous  pulp. 
The  seeds  (PI.  IX,  a,  6)  are  pointed  at  the  top  ends,  conspicuously 
grooved,  and  marked  at  the  base  with  a  short  two-parted  scar  (hilum). 
The  number  and  character  of  the  seed-leaves  are  at  present  unknown. 

The  wood  of  moimtain  red  cedar  is  a  dull  red,  or  more  often  rather 
bright  rose-red,  with  irregularly  disposed  yeUowish-white  streaks. 
It  is  narrow-ringed  and  has  a  thick  layer  of  white  sapwood.  Just  how 
durable  the  heartwood  may  be  is  not  known,  though  fence  posts  made 
from  it  are  known  to  have  been  in  a  good  state  of  preservation  after  20 
years  of  service.  It  is  likely  that  well-seasoned  posts  of  mountain 
red  cedar  would  be  as  durable  as  those  of  eastern  red  cedar,  which 
may  remain  sound  in  contact  with  the  soil  for  30  or  40  years.  The 
color,  ''grain,"  working  quahties,  and  structure  of  the  two  woods  are 
very  similar.  Mountain  red  cedar  is  adapted  to  the  same  uses  to 
which  eastern  red  cedar  is  put,  but  except  in  a  few  parts  of  its  range 
the  supply  is  rather  scarce  and  scattered.  The  tree  is  desirable  for 
planting  within  its  natural  range,  since  it  thrives  on  dry  soil  and  pro- 
duces wood  suitable  for  pencils. 

OCCtmRENCE  AND  HABITS. 

Mountain  red  cedar  grows  on  dry,  exposed  mesas,  low,  dry  moun- 
tain slopes,  and  in  rather  moist  canyon  bottoms  (where  it  reaches  its 
best  development),  in  rocky,  sandy,  or  gravelly  soils,  though  seldom 
in  the  latter.  Within  our  Rocky  Moimtain  region  it  occurs  at  eleva- 
tions between  about  6,000  and  9,000  feet,  the  lowest  elevation  being 
characteristic  of  the  northern  distribution,  and  the  highest  of  its 
central  and  southern  range.  It  is  most  conmionly  found  between 
6,000  and  7,000  feet,  and  is  rather  rare  above  8,000  feet.^ 

Single  trees  or  small  groups  are  usually  scattered  among  piflon  pine, 
one-seed  jimiper,  moimtain  mahogany,  gambel  oak,  and  narrow-leaf 
Cottonwood.    Sometimes  it  is  associated  with  Douglas  fir,  Engelmann 

1  In  Its  Fadflo  slope  range  thJs  species  oocms  sometlmce  from  sea  level  to  about  3,200  feet 
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spruce,  and  western  yellow  pine,  while  small,  practically  pure  stand 
are  occasionally  interspersed  with  pure  stands  of  pifion  pine. 

The  exact  light  requirements  of  mountain  red  cedar  are  as  yet  im 
perfectly  known.  It  endures  rather  dense  shade  during  the  seedling 
and  early  sapling  stages  in  moist,  cool  situations.  Later,  however,  ^ 
seems  to  require  top  light  for  height  growth,  because  in  dose,  pm^ 
stands  and  imda:  the  dense  side  shade  of  other  species  the  trunl 
branches  die.  It  develops  a  distinctly  thinner  and  more  open  crow^ 
in  protected  and  shaded  situations  than  in  full  light.  While  in  earlj 
life  it  has  about  the  same  degree  of  tolerance  as  eastern  red  cedaij 
later  on4t  appears  imable  to  endure  as  much  shade  as  the  latter  tree! 

Mountain  red  cedar  is  usually  a  very  prolific  seeder,  especially  Whesi 
growing  in  the  open.  Some  seed  is  borne  practically  every  year,  bu< 
particularly  heavy  crops  are  produced  at  intervals  of  from  2  to  5  years^ 
Reproduction,  however,  is  generally  sparse,  which  may  be  due  primal 
rily  to  the  tardy  germination  of  the  seed.  The  moist  soil  in  pockets^ 
rocky  crevices,  and  on  the  borders  of  constantly  watered  canyons 
furnish  the  best  seed-beds  and  are  the  sites  on  which  seedlings  are 
most  often  found.  Large  quantities  of  the  berries  are  eaten  by  birds, 
which  assist  in  distributing  the  seed. 

LONGEVITY. 

Little  is  known  regarding  the  extreme  age  attained  by  mountain 
red  cedar.  It  appears  to  grow  very  slowly  and  to  be  rather  long- 
lived.  Trees  from  6  to  8  inches  in  diameter  are  from  130  to  175 
years  old.  Under  favorable  conditions  of  growth,  this  cedar  probably 
reaches  an  age  of  at  least  250  years,  possibly  300  years, 

ONE-SEED  JUNIPER. 

Juniperus  monosperma  (Engelm.)  Saxgent. 

COMMON  XAME  AND  EARLY  HI8TOST. 

This  species  is  commonly  called  merely  ''cedar"  or  "juniper,"  lay 
people  as  a  rule  not  distinguishing  it  from  Utah  juniper,  with  which 
it  often  grows.  The  name  one-seed  juniper,  derived  from  the  tech- 
nical name  of  the  tree,  is  appropriate  because  the  small  berries  usually 
contain  but  one  seed.  This  one-seed  character,  however,  can  not  be 
depended  upon  to  distinguish  Juniperus  monosperma  from  Utah 
juniper  and  Juniperus  megalocarpa,  since  both  of  these  have  one- 
seeded  fruit. 

There  is  no  record  of  when  this  tree  was  first  found  by  early  explor- 
ers of  the  southern  Rocky  Moxmtain  region.  The  first  botanical 
account  of  it  was  published  in  1877,  when  it  was  named  "Juniperus 
occidentals  var.  fi  monosperma  Engelmann,"  under  which  varietal 
name  it  was  known  to  botanists  until  1896.  Investigation  then 
showed  it  to  be  distinct  from  J.  occidentalis  in  its  smaller  twigs,  one- 
seeded  fruit,  and  in  its  more  southern  range. 
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JUNIPERUS  MONOSPERMA:  FOLIAGE  AND  RiPE  FRUIT. 
a,  Seeds  (enlarged);  b,  young  terminal  shoot. 
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JUNIPERUS  MONOSPERMA:  BRANCH  SHOWING  (a)   MALE  FLOWER  BUDS  (IN  AUTUMN) 
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JUNIPERUS  SABINOIDES:  FOLIAQE  AND  RiPE  FRUIT. 
0.  Variable  forms  and  numl>er  of  seeds  In  different  berries;  b,  young  shoot  with  large  form  of  leaves. 
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JUNIPERUS  8ABINOIOE8:  TYPICAL  TRUNK  AND  CROWN  FORM  OF  TREE  GROWN  IN  OPEN  STAND. 
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One-seed  jumper  commonly  produces  several  small  trunks  from  a 
single  rootstock,  these  stems  varying  in  height  from  6  to  20  feet 
and  in  diameter  from  3  to  6  or  more  inches.  Tlie  general  appearance 
is  often  that  of  a  low-crowned,  overgrown  bush.  Single-stem  trees 
are  rare,  occurring  chiefly  in  protected  places.  Their  height  varies 
from  30  to  50  feet,  or  occasionally  more,  with  a  diameter  of  from  12 
to  24  inches.  In  all  cases  the  trunk  is  rather  short,  often  deeply 
fluted,  and  widely  buttressed.  The  crowns  are  open  and  irregular, 
owing  to  the  presence  of  one  or  several  very  large  branches  near  the 
ground.  This  is  a  marked  characteristic  of  the  species.  In  the  case 
of  trees  growing  in  sheltered  situations  the  large  branches  leave  the 
trunk  above  the  ground,  while  in  the  desert  type  of  tree  such  branches 
are  given  oflf  either  at  the  very  base  of  the  stem  or  at  a  point  below 
the  surface  of  the  ground.  Where  one-seed  juniper  and  Utah  juniper 
grow  together,  the  latter  species  may  be  recognized  by  its  com- 
monly single  trunk,  which  contrasts  sharply  with  the  apparently 
several-stemmed  trunk  of  one-seed  juniper. 

The  bark  of  the  trunk  and  large  branches  is  light  ashy  gray  on  the 
outside,  and  a  pale  reddish  or  cinnamon  brown  beneath.  On  large 
trees  the  bark  varies  in  thickness  from  one-half  to  three-fourths  of 
an  inch,  but  on  smaller  trees  it  rarely  exceeds  one-fourth  of  an  inch. 
It  is  distinctly  soft,  fibrous,  and  stringy,  narrowly  and  deeply  divided 
on  older  trees  by  slitlike  furrows,  the  narrow,  flat  ridges  being  con- 
nected with  thin,  lateral  ones.  On  smaller  trees  and  large  limbs 
the  bark  is  irregularly  divided. 

The  foliage  is  a  pale  grayish  green  and  roughish  to  the  touch,  due 
to  the  slightly  sjweading  points  of  the  scaleUke  leaves  (Pis.  XI,  XII). 
The  twigs  have  a  notably  squarish  form,  due  principaUy  to  the  pro- 
jecting points  of  the  leaves,  which  as  a  rule  are  arranged  in  pairs, 
though  very  occasionally  in  threes.  The  ordinary  leaves  of  adult 
twigs  (PL  XI)  are  about  one-eighth  of  an  inch  long,  sharp-pointed, 
slightly  spreading,  and  sometimes  marked  on  their  keeled  backs 
with  a  minute,  resinlike  gland,  which  may  be  lacking  in  other  cases. 
Leaves  of  thrifty  leading  shoots  (PL  XI,  h)  and  of  seedling  trees  are 
from  one-third  to  five-eighths  of  an  inch  long,  with  very  keen,  spread- 
ing points,  and  a  resinous  gland  on  the  back.*  The  margins  of  the 
leaves  are  minutely  toothed. 

Male  and  female  flowers  are  borne  on  different  trees.  The  thin- 
fleshed,  sweetish  berries  (PL  XI),  from  about  one-eighth  to  one-fourth 
of  an  inch  in  length,  are  usually  copper-colored,  though  sometimes 
bluish,  and  covered  with  whitish  bloom.    They  are  mostly  one-seeded, 

1  ResfDoos  giazids  occur  quite  regolarly  on  the  backs  of  leaves  borne  by  vigorous  leading  shoots,  while 
Id  the  case  of  the  sznaller  or  adult  ioliace  of  dder  tzees  the  glands  may  be  present  on  some  lea  ves  and  lacl^^ 
onotbecB, 
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in  exceptional  cases  being  two  or  three  seeded.  The  fruit  of  some  trees 
is  peculiar  in  having  the  top  end  of  the  seed  partly  exposed.  The 
seeds  (PL  XI,  a)  are  pale  chocolate-brown  and  marked  at  the  base 
with  a  two-lobed,  whitish  scar  (hilum).  The  seed-leaves  are  two 
in  number. 

The  wood  of  one-seed  jimiper  is  very  narrow-ringed,  hard,  and 
heavy,  with  a  slight  cedarlike  odor.  The  sapwood  is  nearly  white 
and  from  three-fourths  to  about  2  inches  thick,  usually  much  thinner 
in  old  trees  than  in  yoimg  ones.  The  heartwood  varies  in  color  from 
dull  yellowish-brown  to  pale  reddish-brown.  When  thoroughly 
seasoned  it  is  very  durable,  and  is  one  of  the  best  and  most  frequently 
used  woods  for  fence  posts  and  fuel  in  arid  parts  of  the  Southwest. 
The  fact  that  the  tree  is  small,  crooked,  and  knotty  confines  use  of 
the  wood  to  such  local  but  important  purposes.  Heartwood  of  old 
trees  grown  in  protected  situations  is  fairly  soft  and  straight-grained, 
and  blocks  would  be  suitable  for  certain  grades  of  lead  pencils. 

OCCURRBNGB  AND  HABITS. 

One-seed  jimiper  grows  in  the  dry,  rocky,  or  gravelly  soils  of  high 
desert  plains  and  mountain  slopes,  at  elevations  between  3,500  and 
7,000  feet,  though  it  occurs  most  extensively  between  5,000  and  6,500 
feet.  It  forms  an  open  woodland  type  of  forest,  and  sometimes  pure 
stands  of  limited  extent,  but  it  is  more  often  mixed  with  Utah  juniper, 
alligator  juniper,  pifion,  and  single-leaf  pines,  and  occasionally  with 
western  yellow  pine  and  Pinchot  jimiper  (Texas). 

Little  is  known  of  this  juniper's  requirement  of  light.  It  can 
probably  endure  considerable  shade  in  the  seedling  stages  of  growth, 
but  the  fact  that  the  older  trees  invariably  have  open  crowns  indi- 
cates that  it  requires  full  simlight  for  its  later  development. 

One-seed  juniper  is  a  prolific  but  irregular  seeder,  and  young 
plants  are  found  only  where  through  washing  or  in  some  other  way 
the  seed  has  become  buried  in  mineral  soil.  Scanty  reproduction  is 
due  without  doubt  to  the  usually  dry  and  generally  unfavorable 
condition  of  the  soil  on  which  the  seed  falls.  A  large  part  of  the 
seed  probably  never  finds  sufficient  covering  or  enough  moisture  to 
induce  germination. 

The  tree's  persistent  growth  on  high  desert  plains  and  mountain 
slopes  makes  it  important  in  the  maintenance  of  protective  woodland 
cover  in  the  Southwest. 

LONOBvnnr. 

In  the  more  favorable  situations  the  growth  of  this  species  is  gen- 
erally uniform  and  fairly  rapid  for  a  juniper.  In  arid  soils  and  on 
exposed  sites,  however,  the  growth  is  irregular  and  often  extremely 
slow.    The  exact  age  that  one-seed  jimiper  may  attain  has  not  yet 
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been  determined,  but  it  is  probably  very  long-lived.  The  oldest 
trees  doubtless  reach  an  age  of  at  least  400  or  500  years.  Trees  from 
5  to  7  inches  in  diameter  are  from  170  to  195  years  old,  and  those 
from  10  to  12  inches  are  from  315  to  375  years  old. 

MOUNTAIN  CEDAR. 

Juniperus  9abinoide$  (H.,  B.  and  K.)  Nees. 

COMMON  NAME  AND  EARLY  HISTORY. 

Strictly  speaking,  mountain  cedar  is  not  a  Rocky  Mountain  species, 
since  it  occurs  mainly  in  central  and  southeastern  Texas  and  adjacent 
parts  of  Mexico.  It  is  included  here,  however,  because  its  geographic 
range  has  climatic  and  topographic  f  eatiu*es  similar  to  those  in  parts 
of  Arizona  and  New  Mexico,  and  also  in  order  to  include  all  of  the 
junipers  occurring  west  of  the  one-hundredth  meridian,  which 
roughly  divides  the  forest  regions  of  the  West  from  those  of  the 
East.  The  tree  has  no  generally  recognized  common  name;  being 
known  in  some  parts  of  its  range  as  "mountain  cedar"  or  ''rock 
cedar,"  and  in  others  as  "moimtain  jimiper,"  or  even  "juniper 
cedar."  The  name  "moimtain  cedar"  is  the  one  most  commonly 
applied  by  those  who  use  the  wood  of  the  tree.  It  is  appropriate 
also  because  it  indicates  the  general  nature  of  the  tree's  habitat  in 
Mexico,  though  in  the  United  States  it  grows  mainly  on  limestone 
hills. 

Mountain  cedar  was  discovered  first  in  Mexico  and  subsequently  in 
Texas,  but  the  exact  dates  of  these  discoveries  are  unknown.  The 
earUest  technical  names  appUed  to  the  tree  is  "Cupressus  sabinoides 
H.,  B.  &  K.,"  published  in  1817.  Subsequently  other  botanical 
names  given  to  it  were  published,  from  1826  to  1877.  It  was  not 
until  1847  that  its  present  name,  Juniperus  sabinoides  (H.,  B.  &  K.) 
Nees  (based  on  Cupressus  sabinoides),  was  permanently  estabUshed, 
and  for  the  reason  that  the  name  "Cupressus  sabinoides  H.,  B.  & 
K."  was  not  generally  recognized  as  applying  to  our  mountain  cedar. 

DISTINOXnSHINO  CHARACTERISTICS. 

The  crown  of  old  moimtain  cedar  trees  is  broadly  roimded,  while 
in  young  ones  it  is  widely  conical.  Old  trees  develop  very  open 
crowns,  while  those  of  younger  trees  are  more  compact.  The  tree 
k  seldom  more  than  18  feet  high,  though  in  sheltered  or  otherwise 
favorable  situations  it  may  attain  a  height  of  35  or  more  feet  and 
a  diameter  of  from  12  to  18  inches.  Seldom  more  than  one-third 
of  the  trunk  is  free  of  branches  (PI.  XIV),  and  in  very  dry,  exposed 
places  the  tree  is  often  only  a  many-stemmed,  widely  spreading 
shrub,  the  crooked  stems  occasionally  sprawling  upon  the  groimd. 
In  general,  the  trunks  of  this  juniper  are  rarely  straight  and  cylin- 
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drical  for  any  considerable  length,  most  of  them  beii^  crooked  or 
variously  bent  and  with  irregular  ridges  and  hollows.  It  is  rare  for 
old  trees  to  have  single  stems.  As  a  rule,  the  trunks  are  divided 
near  the  ground  into  large,  crooked,  sharply  ascending  brandies. 
The  bark  is  characteristically  thin,  about  one-fourth  of  an  inch 
thick  on  small  or  medium-size  trees  and  from  one-third  to  one-half 
of  an  inch  on  large,  old  ones.  It  weathers  to  a  brownish-gray, 
beneath  which  the  layers  of  bark  are  a  deep  chestnut-brown.  It  is 
very  stringy  and  fibrous,  and  irregularly  broken  into  laterally  con- 
nected, narrow  ridges  and  deep  furrows.  Long-persisting  loosened 
shreds  of  bark  often  give  old  trees  a  more  or  less  shaggy  appearance. 
Bark  of  the  branches  is  dark  brown  mottled  with  white. 

The  deep  bluish-green  foliage  of  mountain  cedar  is  rather  rougUsh 
and  prickly  to  the  touch.  The  slender  twigs  are  noticeably  four- 
sided,  due  to  the  four-ranked  arrangement  of  the  scalelike,  sharp- 
pointed,  closely  overlapping  leaves,  which  occur  in  pairs  and  are 
about  one-sixteenth  of  an  inch  long  (PL  XIII).  The  laterally  com- 
pressed upper  ends  of  the  leaves  give  a  keeled  appearance  to  their 
backs,  and  emphasize  this  four-^ided  feature.  The  edges  of  the 
leaves  bear  minute,  irr^ular  teeth.  Vigorous  terminal  shoots  and 
yoimg  plants  have  very  keenly  pointed  leaves,  from  one-fourth  to 
one-half  of  an  inch  long,  the  points  of  which  are  often  slightly  spread- 
ing. The  backs  of  the  leaves  are  marked  with  a  minuted  pit  or 
bear  a  resinous  gland  (PI.  XIII). 

Male  and  female  flowers  are  borne  on  separate  trees.  The  ripe 
berries  (PL  XIII),  matured  in  September  at  the  end  of  one  season's 
growth,  are  deep  blue  and  with  a  whitish  bloom.  They  have  a 
tough  skin  and  a  thin,  pungent,  sweetish  pulp.  As  a  rule,  only  the 
points  of  the  female  flower  scales  are  visible  on  the  surface  of  the 
berries.  The  berries  contain  from  1  to  2  light  brown,  shiny  seeds 
(PL  XIII,  a),  which  are  pointed, slightly  grooved  at  the  top  end,  and 
marked  at  the  bottom  with  a  low,  narrow,  scalelike  scar  (hilum). 
The  seed-leaves  are  two  in  number,  and  narrowly  lance-shaped. 
Seedlings  continue  to  bear  the  long  awl-shaped  form  of  leaves  fw 
3  or  4  years,  when  these  are  gradually  succeeded  by  the  shorter, 
adult  form. 

The  wood  of  mountain  cedar  is  moderately  heavy  (about  43  pounds 
per  cubic  foot,  seasoned),  rather  hard,  exceedingly  narrow-ringed, 
and  of  a  dear  cinnamon-brown  color,  interspersed  with  irregular 
paler  streaks.  The  sapwood  is  very  thin,  seldom  more  thui  one- 
half  of  an  inch  thick.  Freshly  cut,  dry,  or  green  wood  has  a  strong 
cedarlike  odor.  The  heartwood  is  very  durable,  and  the  best 
sticks  are  useful  for  fence  posts,  telephone  and  telegraph  poles,  and 
hght-traffic  ties.  It  is  much  used  locally  for  fuel.  The  wood  <rf  oM 
trees  is  brittle  and  can  be  cut  with  an  easily  parted  chip,  qualities 
that  make  clear  sections  suitable  for  pencil  wood. 
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JUNIPERUS  UTAHENSIS:   BRANCH  FROM  YoUNG  TREE  SHOWING  LARGER  OR  JUVENILE 

Form  of  Leaves. 
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JuNiPERUs  megalocarpa:  Foliage  and  Ripe  Fruit. 

a,  Showing  flat  side  of  seeds  (natural  size);  6,  showing  opposite  (narrow)  side  of  seed  (natural  .size  and 

enlarged  twice  natural  size). 
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In  the  United  States  mountain  cedar  forms  very  dense,  pure,  or 
nearly  pure,  stands,  sometimes  of  vast  extent,  as  on  the  semiarid 
limestone  hills  of  the  Edwards  Plateau  in  central  Texas.  It  usually 
grows  in  dry  rocky,  gravelly,  or  sandy  soils,  often  in  crevices  of 
bare  rock.  Mountain  cedar  also  grows  boUi  in  pure  stands  and  in 
mixture  with  other  species  in  lower,  sheltered  situations  in  deep- 
washed  soil  of  good  quaUty.  Interspersed  with  mixed  stands  are 
often  groups  and  scattered  trees  of  one-seed  juniper,  Pinchot  jimiper, 
Mexican  walnut,  live  oak,  Spani^  oak,  Dunmd  oak,  cediu*  dm,  and 
hackberry.  The  dense,  s<»netimes  almost  impenetrable,  stands  of 
this  juniper  on  limestone  are  locally  known  as  ''  cedar  breaks/'^ 

In  this  coimtry  moimtain  cedar  occurs  chiefly  at  elevations  between 
600  and  2,000  feet.  Little  is  known  of  its  range  and  habitat  in 
Mexico,  where  it  is  said  to  occur  much  more  extensively  and  at 
hi^ier  elevations  than  in  the  United  States. 

Mountain  cedar  is  very  tolerant  of  dense  shade  during  the  seedling 
and  early  sapUng  stages,  as  shown  by  the  existence  of  extremely 
dense  thrifty  stands.  It  appears  to  be  much  less  tolerant  later  in 
hfe,  when  its  crown  becomes  thinner  and  more  open  (PI.  XIV). 
In  abiUty  to  endure  shade,  however,  it  compares  favorably  with  red 
cedar  {Juniperus  virginiana),  but  probably  it  would  not  maintain 
itself  under  long  suppression  as  does  the  latter  tree.  Local  reports 
of  mountain  cedar  having  come  up  on  an  area  immediately  after  a 
full  stand  of  oak  had  been  cut  oflf  give  further  evidence  of  its  toler- 
ance during  early  life,  since  on  such  areas  it  must  have  existed  for  a 
number  of  years  in  a  suppressed  condition,  and  recovered  when  the 
oak  was  removed. 

Mountain  cedar  bears  seed  abundantly,  and  reproduction  is  plen- 
tiful in  loose,  permeable  soils,  and  in  broken,  rocky  formations,  and 
also  in  soil-filled  pockets  and  crevices  of  bare  rock.  The  sweetish 
berries  are  eaten  by  birds,  which  assist  greatly  in  a  wide  distributi<m 
of  the  seed. 

LONOBTITT. 

Junipems  sabinoides  is  moderately  long-lived,  though  the  extreme 
age  attained  is  at  present  unknown.  Trees  from  5  to  7  inches  in 
diameter,  on  exposed,  rocky  sites,  are  from  150  to  180  years  old, 
while  trees  from  8  to  10  inches  in  diameter,  in  sheltered  places  on 
deep,  permeable,  sandy  or  gravelly  soil,  where  growth  is  most  rapid, 
may  be  only  from  05  to  125  years  old.  Large  trees  occasionally 
found  in  the  driest  situations  are  probably  at  least  250  years  old. 

I  Populariy  the  allusion  probably  is  to  the  fEincIed  similar  lowland  "canebrakes/'  but  properly  this 
name  appeen  to  refer  to  the  physlographio  nature  of  the  plateau  region  in  which  dense  growths  of  moun- 
tain ceteoooor. 
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UTAH  JUNIFUU 

Juniperui  tUahmiii  (Engelm.)  Lemmon. 

COMMON   NAMB  AND  BARLT  HI8T0RT. 

Like  most  of  the  other  brown-wooded  junipers,  Jiiniperus  utahensis 
has  no  distinctive  common  name.  In  the  region  where  it  grows,  the 
people  usually  call  it  merely  ^'juniper''  or  sometimes  '^ cedar/'  sd- 
dom  if  ever  (Ustinguishing  it  from  the  other  species  of  its  kind.  The 
discovery  of  this  tree  in  Utah  led  to  its  being  given  the  technical  name 
*'Utahensis,"  from  which  the  common  name  employed  here  is  de- 
rived. While  Utah  juniper  is  the  most  distinctive  name  that  can  be 
suggested,  it  is  not  entirely  appropriate,  because  the  tree  is  not  con- 
fined to  Utah,  a  large  part  of  its  range,  in  fact,  lying  outside  that 
State. 

Utah  juniper  was  discovered  sometime  between  1867  and  1869, 
during  the  exploration  of  Nevada  and  Utah  by  the  United  States 
Geological  Survey.  The  botanical  history  of  the  tree  shows  that  its 
distinguishing  characters  were  imperfectly  known  until  comparatively 
recent  times.  The  earliest  account  of  it  was  published  in  1871  under 
'^Jimiperus  occidentalis  Watson,"  the  writer  supposing  it  to  be  a 
form  of  the  western  juniper.  In  1877  it  was  described  as  "J.  cali- 
fomica  var.  utahensis  Engelm.,"  and  finally,  in  1890,  as  ''J.  utahensis 
Lenmion."  The  tree  is  distinct  from  the  California  and  western  juni- 
pers both  in  its  botanical  characters  and  geographic  range. 

DISTINQUISHING  CHARAGTBRISTICS. 

Utah  juniper  is  conunonly  a  low,  very  short  trunked,  or  many- 
stemmed,  bushy  tree,  from  6  to  12  feet  high,'  and  from  4  to  8  or  more 

1  In  1897  Prof.  Avon  Nelson  found  a  "shnibUke  tree"  Juniper  in  Wyoming  (lUd  Desert  regloa  from  Sem- 
inole Mountains  to  Qreen  River)  wliicfa  in  188S  he  named  Juniperas  knightti  (Boi.  Gas.  xxv,  198,  fig.  1,  i; 
1898). 

The  writer  has  not  seen  authentic  specimens  of  this  Juniper,  and  was,  therefore,  unable  peraooally  to 
decide  what  final  disposition  should  be  made  of  the  tree  in  the  present  work.  Seyeral  authors  haTS,  bow- 
ever,  reduced  Juniperus  knightii  to  a  synonjrm  of  J.  utahensis.  Judging  from  Prot  Neboo's  description 
and  illustrations  of  J.  knightii  it  would  seem  to  be  very  closely  related  to  J.  utahensis  and  J.  megaloeirpa. 
It  resembles  the  former  species  particularly  in  the  low-biam^ed  several-stemmed  habit  of  its  crown,  and 
both  of  these  Junipers  in  its  large  fruit  and  single  large  seed.  The  "copper-colored"  fruit  ascribed  to  J. 
knightii  is  not,  however,  strictly  speaking,  characteristic  of  J.  utahensis  and  J.  megalocarpa. 

The  author's  technical  description  (loc.  dt)  of  J.  knightii,  slightly  condensed,  follows: 

"A  scraggy  shrub  or  small  tree,  usually  much  branched  from  the  base— L  e.,  trunkless  or  breaking  up 
into  several  subequal  trunks  also  freely  brancbed,  branches  widely  spreading,  the  lowest  dose  to  the  groond 
and  almost  resting  upon  it,  round-topped,  3-7  meters  high  or  possibly  in  places  exceeding  thb;  leaves  3- 
ranked,  closely  appressed  *  *  *  entire  or  rarely  minutely  denticulate,  neither  pitted  nor  ghndnlM* 
*  *  *  berrylike  cones  blue-green  or  copper-colored  *  *  *  broadly  oval,  7-10  millimeters  kng,  dry, 
the  coalesced  scales  thin,  in  dried  specimens  closely  and  tenaciously  adherent  to  the  large  single  seed;  the 
seed  ovate,  obtuse,  slightly  grooved  above,  rounded  or  swollen  at  the  base;  fruit  possibly  not  maturing  tH 
the  second  year." 

«  The  several-stemmed  forms  of  Utah  Juniper  are  similar  in  general  appearance  to  like  torms  of  the  uie  seed 
Juniper.  In  the  majority  of  cases,  however,  if  not  in  all,  the  trunklike  branches  of  Utah  Juniper  leave  the 
trunk  near  or  above  the  ground,  while  in  the  case  of  one-seed  Juniper,  the  two  or  more  stems  osually  site 
from  the  mafai  root^tock,  or  collar,  at  or  slightly  below  the  surfMO  of  the  ground. 
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inches  thick  near  the  ground,  with  a  wide,  rounded,  rather  open 
crown  of  numerous  upright,  twisted  limbs.  The  short  trunk  is  apt 
to  be  one-sided  with  conspicuous  hollows  and  ridges.  Its  thin, 
whitish  bark,  from  one-fourth  to  three-eighths  of  an  inch  thick  on 
laige  trunks,  is  cut  into  long  scales. 

The  minute,  sharp-pointed,  scalehke,  pale  yellowish-green  leaves 
(PL  XV),  generally  without  a  pit  on  the  back,  are  arranged  mostly 
in  alternately  opposite  pairs,  and  closely  overlap  each  other  in  four 
rows  on  the  slender,  stiff-looking  twigs.  Sometimes  there  are  six 
raws,  in  which  case  three  leaves  occur  together  at  a  point.  Leaves 
of  vigorous  leading  shoots  are  much  larger  and  keenly  pointed  (PL 
XVI),  while  those  of  seed  lings  are  needlelike.  The  margins  of  the 
leaves  are  minutely  toothed.  The  twigs  have  a  roundish  appear- 
ance. Leaves  of  each  season's  growth  persist  from  10  to  12  years, 
or  even  longer.  The  bark  of  larger  twigs  which  have  recently  shed 
their  leaves  is  pale  reddish-brown  and  scaly. 

Male  and  female  flowers  are  usually  borne  on  different  twigs  of  the 
same  tree,  though  sometimes  the  male  flowers  are  borne  on  one  tree 
and  the  female  on  another.  Ripe  berries  (PL  XV),  matured  in  the 
autiunn  of  the  second  year,  have  a  smooth,  tough,  red-brown  skin, 
covered  with  a  whitish  bloom,  which  gives  the  berries  a  bluish  tint. 
The  pulp  of  the  berries  is  thin,  dry,  and  sweet.  They  usually  con- 
tain but  one  seed  (occasionally  two),  pointed  at  the  top,  rather  sharply 
angled  (PL  XV,  a,  J),  and  marked  nearly  to  the  top  by  what  appears 
to  be  a  scalelike,  basal  covering  (hilum).  The  surface  of  the  berries 
shows  projecting  points,  which  are  the  ends  of  minute  female  flower 
scales.  The  pointed  seed-leaves  are  usually  5  in  number,  but  vary 
from  4  to  6. 

The  hard,  heavy  wood  of  Utah  juniper  is  generally  very  narrow- 
ringed,  the  rings  in  stimted  trees  being  extremely  narrow.  The  sap- 
wood  is  very  thick  and  white,  while  the  heartwood,  of  a  light  yellow- 
ish-brown color,  is  less  pungent  in  odor  than  that  of  other  junipers. 
When  thoroughly  seasoned  the  wood  is  exceedingly  durable.  Utah 
juniper  is  too  small  and  imperfect  in  form  for  commercial  purposes, 
though  where  it  is  abimdant  the  wood  is  much  used  for  fuel  and 
fence  posts. 

OCCX7BBENGE  AND  HABITS. 

Utah  juniper  grows  on  desert  foothills  and  mountain  slopes  in  dry 
^^ky>  gravdly,  or  sandy  soils,  at  elevations  between  5,000  and  7,000 
feet.  It  forms  extensive,  rather  open,  pure  stands,  and  also  grows 
mixed  with  single-leaf  pine,  one-seed  juniper,  and  desert  shrubs. 
Like  its  associate,  one-seed  juniper,  the  tree  is  important  to  the 
forester  through  its  abiUty  to  form  a  woodland  type  of  cover  in  arid 
regions. 
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Little  is  known  regarding  the  tree's  light  requirements  or  its  rejMro- 
duction.  In  the  intolerance  of  shade,  it  appears  to  be  very  similar 
to  the  western  and  one-seed  junipers.  It  produces  an  abundance  of 
berries  at  intervals  of  about  two  years,  a  few  being  borne  nearly 
every  year.  Reproduction  is  usually  sparse  and  widely  scattered, 
due  to  the  failure  of  most  of  the  seed  to  germinate  in  the  exceedingly 
dry  soils  of  the  region  where  the  tree  grows. 

LONGBVrrY. 

Utah  jimiper  is  rather  long-lived,  the  maximum  age  being  about 
300  years.  Trees  from  6  to  10  inches  in  diameter  are  from  145  to 
250  years  old. 

BIG-BEHRIED  JUNn*EB. 

Jumpenu  megaUxxtrpa  Sudworth. 

COMMON  NAME  AND  EARLY  HISTORY 

This  recently  discovered  juniper  is  not  distinguished  by  settlers 
in  its  range  from  other  southwestern  junipers  and  '*  cedars. *'  The 
conmion  name  ** big-berried  juniper,"  adopted  here,  is  derived  from 
the  technical  name  in  reference  to  the  large  size  of  its  fruit,  a  striking 
and  distinctive  characteristic. 

It  was  discovered  by  Mr.  W.  R.  Mattoon  of  the  Forest  Service  on 
September  22,  1906,  in  the  southwest  comer  of  the  Datil  National 
Forest,  Socorro  Coimty,  southw^tem  New  Mexico,  where  only  about 
25  trees  were  found.^ 

The  tree  was  named  and  described  in  June,  1907,  from  specimens, 
field  notes,  and  a  photograph  obtained  by  Mr.  Mattoon.' 

DISTINGUISHINO  CHARACTERISTICS. 

Big-berried  juniper  is  one  of  the  largest  and  best  formed  of  our 
southwestern  jimipers.  It  varies  in  height  from  30  to  50  feet,  and 
in  diameter  from  2  to  4  feet.  The  crown  is  compact,  broadly  pyrami- 
dal, with  short,  stout  branches.  The  trunks  are  dear  of  branches  for 
from  15  to  20  feet,  or  more,  and  have  dark  reddish-brown,  finely 
fissured  bark,  shredded  on  the  surface  (PI.  XVIII).  The  branchlets 
(PI.  XVII)  are  short,  very  dense,  and  clothed  with  pale  yellowish- 
green,  sometimes  bronze-green,  foUage,    On  yoimg  trees  the  foliage 

1  This  station,  approximately  in  section  11  or  14,  township  9  soutii,  an  unsorveyed  region,  is  on  the  vest 
bank  of  iht  San  Francisco  River  at  a  point  aboat  halfway  between  the  towns  of  Ahna  and  Frisco,  and  3 
miks  above  the  "Widow  Kelley's  Ranch." 

Forest  Supervisor  William  H.  Ooddard  later  reported  having  seen  a  Juniper,  which  may  prove  to  be 
J.  megalocarpa,  on  a  small  tributary  of  San  Francisco  River  at  a  point  about  6  miles  west  of  Pleasanton, 
N.  Hex.,  some  20  miles  from  Mr.  Mattoon's  type  locality  and  near  the  east  border  of  Aricona.  Tbe 
writer  has  not  seen  specimens  of  this  tree. 

Prof.  C.  8.  Sargent  also  informed  the  writer  (Nov.  6, 1914)  that  several  years  ago  he  collected  »|>*i*i|w*ny 
of  this  tree  on  the  rim  of  OakCreek  Canyon,  20  miles  south  of  Flagstaff,  Aris.,  and  that  ttarea  or  four  yMis 
later  Prof.  Percival  Lowell  also  collected  specimens  at  Angell,  near  Flagstaff,  Aris. 

Further  explorations  should  extend  the  tree's  range. 

« Forestry  and  Irrigation,  xm,  figs.  1  and  2  (1907). 
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JUNIPERUS  PACHYPHLOEA:  FOLIAQE  AND  RiPE  FRUIT. 

•r  Seeds  showing  variation  in  form  and  number  in  different  berries  (natural  size  and  enlarged 
twice  natural  size);  b,  seedling  10  days  old;  c,  seedling  one  year  old. 
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JUNIPERUS  FLACCIDA:  FOLIAGE  AND  RiPE  FRUIT. 

I,  Detached  larpe  fruit;  b,  berrv  with  top  removed  siiowin^  tiered  irrejrular  arraneement  of  seeds  (enWr^ 
one  and  one-half  times  natural  siie);  c,  d,  detached  seeds  (natural  sire  and  enlarged  four  tunes  naturw 
size);  e,  male  flowers  in  autumn  ^natural  size). 
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often  has  a  whitish  tinge*  The  sharp-pointed^  scalelike  leaves  occur 
in  twos  and  threes,  closely  overlapping  each  other,  and  usually 
marked  on  the  back  with  a  pit,  which  often  contains  a  rather  con- 
spicuous resin  spot.  The  leaves  of  vigorous  leading  shoots  have 
^htly  spreading,  somewhat  slender  points  and  long  (decurrent) 
bases.  The  margins  of  the  leaves  are  provided  with  irregular,  minute 
teeth. 

Male  and  female  flowers  are  borne  on  separate  trees.  The  fruit 
of  Juniperus  megalocarpa  matures  at  the  end  of  the  second  season. 
It  is  spherical  or  slightly  elongated  in  shape  and  of  exceptionally 
large  size,  varying  from  about  nine-sixteenths  to  eleven-sixteenths 
of  an  inch  in  diameter  or  length  (PL  XVII) .  The  surface  <rf  the  berries 
is  roughened  only  by  the  united  female  flower  scales  and  their  rather 
tough  skin  is  reddish-brown  and  coated  with  whitish  bloom.  The 
sweet  flesh  of  the  berries  is  thick,  dry,  and  firm,  and  in  old  and 
frifly  matured  berries  scarcely  resinous,  though  from  the  presence  of 
old  resin  cells  in  the  pulp  it  is  evident  that  immature  or  newly  ripened 
fruit  has  a  distinct  resinous  flavor.  The  berries  usually  contain  but 
one  glossy,  chestnut-brown  seed — ^rarely  two — ^marked  at  the  base  by 
a  conspicuous  2-lobed  scar  (hilum),  which  has  distinct  short  pits  or 
shallow  grooves.  The  top  end  of  the  seed  is  usually  abruptly  flattened 
on  its  two  broad  sides  so  as  to  form  a  chisellike  edge  (PI.  XVTI  a,  b, 
view  of  opposite  sides).  The  seeds  readily  fall  out  of  the  dry  pulp 
when  the  latter  is  cut  or  broken  open.  The  niunber  of  seed-leaves 
is  unknown. 

Juniperus  megalocarpa  resembles  J.  utahensis  in  its  large  one- 
seeded  fruit  and  also  in  the  general  appearance  of  its  foliage.  The 
much  longer  vertical  creases  and  furrows  and  the  pointed  top  of  the 
seeds  of  J.  utahensis  distinguish  this  species  from  J.  megalocarpa. 

The  wood  of  big-berried  jimiper  has  not  been  collected,  but  it  is 
known  to  have  a  rather  strong,  cedailike  odor  and  to  be  yellowish- 
brown  in  color.  Scarcity  of  post  material  and  fuel  in  the  region 
where  this  jimiper  grows  should  make  it  valuable  for  these  piuposes. 

OCCURRENCE  AND  HABITS. 

The  trees  found  on  the  Datil  National  Forest  were  scattered  singly 
and  in  small,  open  groups  on  deep  washed,  rather  rich,  sandy  loam 
or  gravelly  soils  of  benches  and  terraces,  from  50  to  150  feet  above  the 
bed  of  the  San  Francisco  River,  where  the  elevation  is  about  5,400 
feet  Interspersed  with  them  were  piflon,  one-seed  jimiper,  and 
Emory  oak,  while  moimtain  red  cedar,  Arizona  oak,  and  blue  oak 
occur  in  the  same  general  region. 

Big-berried  jimiper  appears  to  be  similar  in  its  requirements  of 
light  and  reproductive  capacity  to  Utah  juniper.  No  seedlings  were 
found  in  the  vicinity  of  the  fruiting  trees,  which  produce  an  abun- 
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dance  of  berries.  The  absence  of  young  trees  may  have  been  due, 
however,  to  the  ovei^azed  state  of  the  ground,  which  doubtless 
prevented  germination  of  the  seed. 

This  species  is  suitable  for  planting  on  dry  foothills  and  lower 
mountain  slopes  of  the  Southwest,  where  it  should  succeed  at  eleva- 
tions between  2,500  and  6,000  feet. 

LONGEVITY. 

Complete  information  is  not  available  regarding  the  longevity  of 
big-berried  jimiper.  Judging  from  the  size  of  the  trees  produced 
in  the  comparatively  dry  habitat,  however,  it  probably  attains  an 
age  of  not  less  than  250  or  300  years. 

ALUQATOR  JUNIPEB. 

Junxperus  padiyphUta  Torrey. 

COMMON  NAME  AND  EARLY  HISTORY. 

Alligator  juniper  is  unique  in  the  thick,  sharply  checkered  baik 
of  its  trunk  (PI.  XX),  the  resemblance  of  which  to  the  body  scales 
of  an  alligator  suggested  its  widely  accepted  common  name,  a  charac- 
teristic which  also  distinguishes  it  sharply, from  all  other  native 
junipers.  It  is  sometimes  known  as  ''oak-barked  juniper"  and 
"thick-barked  juniper." 

Alligator  juniper  was  discovered  in  1851  on  the  Zuni  Mountains 
of  northwestern  New  Mexico  by  Dr.  S.  W.  Woodhouse,  then  a  member 
of  Capt.  Sitgreaves's  exploring  party,  which  descended  the  Zuni  and 
Colorado  Rivers.  An  account  of  this  discovery  was  published  in  1853,* 
and  the  tree  was  technically  named  and  described  in  1858. 

Three  garden  varieties  of  alligator  juniper,  recently  established  by 
Barbier,'  are  distinguished  in  cultivation,  namely,  Jimiperus  pachy- 
phloea  conspicua,  J.  pachyphloea  elegentissima,  and  J.  pachypbloea 
ericoides. 

DISTINGUISHING  CHARACTERISTICS. 

This  species  is  one  of  the  most  massive  of  our  junipers.  In  eariy 
life  the  crown  is  open  and  broadly  conical,  and  in  old  age,  dense 
and  round.  The  trunk  is  short  and  dear  of  branches  for  6  or  per- 
haps 10  feet.  As  a  rule,  the  tree  attains  a  height  of  from  30  to  40 
feet,  and  a  diameter  of  from  1^  to  3}  feet.  Exceptional  trees  are 
from  50  to  65  feet  or  more  in  height,  and  from  4  to  6  feet  in  diameter, 
with  from  15  to  20  feet  of  clear  trunk.  In  exposed  dry  situations  it 
is  stimted,  the  tnmks  often  dividing  at  the  ground  into  several 
twisted  stems  (PI.  XXI).     The  deeply  furrowed  bark,  from  one-half 

>  Report  of  on  expedition  down  the  Zuni  and  Colorado  Rivera  under  theoommanrt  of  Capt  L.  SttCP6>vm» 
36,1853. 
s  Mitteil.  Deotnben  Dendr.  OeaellsDhaft  IQIO,  139, 380. 
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of  an  inch  thick  on  tninks  6  to  8  inches  through  to  about  3}  inches  on 
the  larger  ones,  has  its  flat  ridges  sharply  cut  into  rectangular  plates 
(PL  XX).  Externally  it  is  usually  weathered  to  a  bright  ashy-gray, 
beneath  which  the  color  is  a  dull,  dark  chocolate-brown.  When  the 
slender  twigs  shed  their  leaves,  they  have  smooth,  reddish  purple- 
brown  bark,  which  becomes  scaly  as  the  branchlets  grow  larger. 

The  foliage  is  a  pale  blue-green;  the  alternately  opposite  pairs  of 
minute,  scalelike  leaves  (PI.  XIX),  closely  pressed  and  overlapping 
each  other,  are  arranged  in  four  ranks,  giving  the  twigs  a  four-sided 
appearance.  Each  leaf  bears  a  tiny  but  conspicuous  resin-gland  on 
its  back.  Leaves  of  young  shoots  and  seedlings  (PI.  XIX,  b,  c)  are 
narrowly  lance-shaped  and  keenly  pointed.  The  margins  of  the 
leaves  are  minutely  toothed. 

Male  ajid  female  flowers  are  borne  on  different  trees.  The  berries, 
which  are  matured  by  October  of  the  second  year,  vary  in  shape 
from  spherical  to  slightly  elongated,  and  may  be  from  about  three- 
eighths  to  nearly  one-half  of  an  inch  in  diameter  or  length.  Their 
surface  is  more  or  less  marked  by  the  points  of  united  female  flower- 
scales,  and  further  roughened  by  irregular  little  knobs  (PI.  XIX). 
The  firm,  deep  purplish-brown  skin  of  the  berries  is  covered  with  a 
whitish  bloom.  The  flesh  of  mature  berries  is  dryish  and  resinous, 
that  of  inmiature  ones  being  very  resinous.  They  contain  from  1  to 
4  brownish,  pointed,  distinctly  grooved  seeds  (PI.  XIX,  a),  the  ba3es 
of  which  bear  a  short,  two-lobed  scar  (hilum).  The  seed-leaves  are 
two  in  nimiber,  pointed,  and  about  one-half  an  inch  long.  Ripe 
berries  are  shed  rather  slowly,  in  some  cases  continuing  to  fall  during 
the  winter  and  simmier  following  their  maturity. 

The  wood  of  alligator  juniper  is  rather  light,  soft,  brittle,  and  very 
narrow-ringed.  The  sapwood  is  comparatively  thin  and  of  a  pale 
straw-color;  the  heartwood  is  light  brown  with  a  faint  reddish  tinge, 
irregularly  marked  with  paler  streaks.  Seasoned  heartwood  is  dur- 
able. Alligator  juniper  is  locally  much  used  for  fuel  and  fence  posts, 
a  number  of  which  are  often  split  from  large  clear* logs  (PI.  XX). 
The  wood  *'cuts"  freely,  with  an  easily  parted  chip,  a  quality  which 
would  make  it  useful  for  lead  pencils,  and  the  probable  future  use  of 
the  best  grades  for  this  purpose  is  likely  to  give  the  wood  considerable 
commercial  value. 

OOdtJBRENCE' AND  HABirS. 

Alligator  juniper  is  of  frequent  occurrence  throughout  its  range, 
sometimes  in  very  scattered,  open,  pure  stands,  but  oftener  mixed 
with  Emory  oak,  Arizona  oak,  blue  oak,  pifLon,  and  Mexican  pifLon. 
It  grows  in  the  driest  rocky  and  gravelly  soils  on  mountain  slopes, 
plateaus,  and  canyon  sides,  where  it  is  Ukdy  to  be  much  stimted  and 
distorted.    The  best  developed  trees  are  f  oimd  in  moist,  deep  washed 
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soils  of  canyon  bottoms  and  in  protected  places  on  the  lower  moun- 
tain benches.  The  tree's  vertical  range  extends  from  about  4,500  to 
nearly  8,400  feet  elevation,  but  it  is  most  abundant  between  5,500 
and  7,000  feet.  Because  of  its  great  hardiness  this  species  is  one  of 
the  most  useful  of  southwestern  junipers  for  maintaining  a  protective 
woodland  forest  on  exposed  arid  hills  and  lower  mountain  slopes. 

Alligator  jxmiper  endures  moderate  shade  during  the  seedling  stage 
and  for  a  few  years  afterwards,  but  requires  full  overhead  li^t  for 
later  development.  (Continued,  dense  side  shade  produces  a  long 
clear  tnmk,  and  a  short,  thin-branched,  open  crown. 

This  tree  bears  seed  abimdantiy  almost  every  year,  and  reproduces 
itself  plentifully  whenever  the  berries  find  lodgment  in  washed  or 
broken  soil.  Reproduction  is  especially  good  in  light  shade  where 
old  trees  have  been  cut  out.  Severely  poUarded  trees  and  high-cut 
stumps  often  sprout  vigoro\isly.  Birds  eat  considerat>le  quantities  of 
the  berries  and  thus  assist  in  disseminating  this  species,  while  in 
seasons  when  food  is  scarce  squirrels  and  other  rodents  eat  a  good 
many  of  the  seeds. 

LONOBvrnr. 

Alligator  juniper  is  a  very  long-lived  tree.  It  grows  slowly,  bow- 
ever,  even  in  the  most  favorable  situations,  and  is  extremely  slow  on 
the  least  favorable  sites.  The  exact  age  of  very  large  trees  has  not 
been  determined.  Trees  from  12  to  20  inches  in  diameter  are  from 
165  to  290  years  old,  while  those  from  3  to  5  feet  in  diameter  must  be 
from  about  500  to  800  years  old. 

DBOOPING  JCNIPES. 

Juniperus  flaccida  Schlechtendal. 

COmCOK  NAKS  AND  BARLT  HIBTOET. 

Although  very  distinct  in  its  general  appearance  from  other 
southwestern  junipers,  this  species  is  doubtless  unknown  to  many 
lay  people,  and  unfamiliar  even  to  a  good  many  foresters  and  bot-an- 
ists,  chiefly  because  in  the  United  States  it  grows  in  an  isolated  and 
little  frequented  section  of  the  country.  It  is,  in  fact,  essentiallj  a 
Mexican  species,  the  principal  part  of  its  range  being  in  Mexico. 
The  few  stockmen  and  prospectors  who  have  seen  the  tree  know  it 
only  as  ''cedar"  or  ''jxmiper.''  The  name  "drooping  juniper,"  derived 
from  the  technical  term  flaccida,  seems  both  appropriate  and  dis- 
tinctive, in  that  it  refers  to  the  nodding  or  pendent  habit  of  the 
branchlets,  which  is  a  conspicuous  and  distinctive  characteristic  of 
this  tree  (PI.  XXVI).  "Loose-growing  Mexican  juniper"  and 
"loose-growing  juniper"  are  book  names  applied  about  50  years 
ago,  but  neither  of  these  appear  to  be  appropriate,  nor  has  either 
been  adopted  in  this  coimtry. 
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JUNIPERUS    FLACCIDA:    SHOWING   DROOPING  HaBIT  OF    BRANCHLETS  OF  TREES  IN 

Exposed  Sites. 
a,  Detached  leaf  showing  resin  gland  on  back  (enlarged  five  times  natural  size). 
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JUNIPERUS  FlACCIDA:   SHOWING  PENDENT  BRANCHLETS  OF  TREES  IN  SHELTERED  SiTES. 
a,  Female  (lowers  (in  aiilumn). 


Digitized  by 


Google 


Bui.  207,  U.  S.  Dept.  of  Agricultura.  PLATE  XXV. 


JUNIPERUS  FLACCIDA:  PRIMARY  FOLIAQE  OF  SEEDLING  (ABOUT  6  YEARS  OLD). 


Digitized  by 


Google 


Bui.  207,  U.  S.  Dopt.  of  Agriculture.  PLATE  XXVI. 


JUNIPERUS  FLACCIDA:  SmALL  TREE  SHOWING  CHARACTERISTIC  OPEN  CROWN  AND  DROOPING  HABIT 

OF  Branchlets  in  Sheltered  Site  (about  One  Twenty-Fifth  Natural  Size). 
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Drooping  juniper  was  first  discovered  in  Mexico  by  the  German 
botanist  Schiede,  who  found  it  in  June,  1830/  at  "Atotonilco  el 
Chico,"  *  State  of  Hidalgo.  Ehrenberg  is  also  said  to  have  found 
the  drooping  juniper  a.t.R^la  and  at  other  points  in  Mexico  at  ele- 
vations between  6,000  and  8,000  feet.  It  first  became  known  to 
botanists  as  a  Mexican  tree  in  1838,  when  it  was  technically  described 
and  named  Juniperus  flaccida  Schlech.  The  French  botanist 
Carridre  informs  us  that  the  tree  was  brought  to  Europe  in  that 
year  for  purposes  of  cultivation.  The  first  discovery  of  drooping 
juniper  within  our  border  was  in  1885,  when  Dr.  Val6ry  Harvard, 
United  States  Army  surgeon  and  botanist,  f  oimd  the  tree  in  the  Chisos 
Mountains '  of  southwestern  Texas,  which  is  the  only  location  now 
known  for  it  in  the  United  States. 

DISTIKOniSHINO  CHARACTERISTICS. 

Drooping  juniper  varies  in  size  from  a  bushy  tree  8  to  15  feet  in 
height  and  3  to  6  inches  through  to  one  of  medium  size,  from  20  to 
25  feet  tall  and  12  to  20  inches  in  diameter.  The  best  developed 
specimens  have  straight  trunks,  clear  of  branches  for  from  10  to  15 
feet,  and  rather  open,  narrowly  pyramidal  crowns.  Trees  growing 
in  dry,  exposed  places  are  rarely  over  10  feet  high,  densely  branched 
to  the  groimd,  and  have  a  dome-shaped  crown.  The  crown  is  com- 
posed of  wide-spreading  ascending  branches,  at  the  ends  of  which 
the  slender,  drooping  twigs  (Pb.  XXIII,  XXIV)  give  the  tree  a 
graceful,  weeping  appearance.  In  the  case  of  trees  growing  in  deep 
shaded  canyon  bottoms  (PI.  XXVI)  the  drooping  habit  is  especially 
pronounced,  the  pendent  branchlets  often  being  a  foot  or  more  in 
length.  Trees  on  exposed,  drier  slopes  have  very  much  shorter 
twigs  (PI.  XXH). 

Tlie  trunk  bark  is  externally  grayish  brown  in  color,  while  within 
it  is  a  purple  or  russet  brown.  On  large  trunks  the  bark  is  fibrous 
but  firm,  and  distinctly  marked  with  deep  furrows  and  narrow 
aoastomosely  arranged  ridges.  It  varies  in  thickness  from  one-half 
an  inch  on  small  trees  to  li  inches  on  larger  trees.  The  bark  of 
twigs  that  have  recently  shed  their  leaves  is  a  russet-brown  or 
purple-brown,  composed  of  easily  detached,  very  thin  scales.  Bark 
of  the  branches  is  also  scaly,  but  grayish-brown. 

The  pale  yellowish-green  foliage  is  somewhat  prickly  to  the  touch, 
owing  to  the  slightly  spreading,  keenly  pointed  leaves.  The  ordinary 
adult  scalelike  leaves   are   about   one-eighth  of  an  inch  long  (PL 

'  Schlechtendal  in  LJanga,  Zwglfter  Band.  495.    1838. 

>  "Atotimiico  el  Chico/'  also  once  called  "El  Chico/'  a  small  mining  town  in  Mexico,  is  now  known  as 
Atotoniloo  and  lies  due  north  and  near  Patchuca,  the  capital  of  Hidalgo. 

*  Dr.  Harvard's  note  upon  this  species  (Proceedings  of  the  U.  S.  Kat.  Mus.,  viii,  504, 1885)  is  exoeed- 
tagly  brief:  "  Small  tree,  only  seen  in  the  Chisos  lionntahis." 
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XXIII,  a),  while  leaves  of  terminal  or  rapidly  grown  shoots  are  from 
one-fourth  to  nearly  one-half  an  inch  long.  The  margins  of  all 
leaves  have  very  minute  teeth.  Adult  leaves  are  arranged  alter- 
nately in  pairs  in  four  ranks,  with  a  prominent  resinous  gland  on  the 
back  of  each  (PI.  XXIII,  a).  The  bristlelike,  spreading  leaves  of 
seedlings,  however,  are  usually  arranged  in  threes  (PI.  XXV),  but 
sometimes  in  twos,  these  types  of  leaves  persisting  for  several  years. 

Male  flowers  (PL  XXII,  e)  and  female  flowers  (PI.  XXIV,  a)  are 
borne  on  separate  trees.  The  berries  mature  in  the  autumn  of  the 
second  year  and  are  spherical  or  elongated  in  shape.  The  firm,  hard, 
purphsh-brown  skin  is  covered  with  whitish  bloom,  and  distinctly 
marked  by  the  turned-back  points  of  the  united  female  flower  scales 
(PI.  XXII).  Sometimes  the  surface  is  also  marked  with  small  knobs 
of  irregular  shape.  The  berries  vary  in  diameter  or  in  length  from 
about  three-eighths  to  five-eighths  of  an  inch,  the  largest  fruit  being 
produced  by  trees  in  shaded  situations,  and  the  smallest  in  dry 
exposed  places.  A  striking  character  of  the  berries  is  the  several- 
tiered  arrangement  of  the  6  (rarely  4)  to  12  irregularly  shaped  seeds 
(PI.  XXII,  a,  6,  c,  d)f  of  which  only  a  few,  or  sometimes  none,  are 
fully  developed.  The  flesh  of  the  berries  is  hard,  dry,  and  only 
slightly  resinous.  The  seed-leaves  are  pointed,  two  in  nimiber,  and 
about  one-half  of  an  inch  long. 

The  wood  of  drooping  juniper  is  a  clear  yellowish-bro¥ni,  with  a 
rather  thick  layer  of  nearly  white  sapwood.  It  is  moderately  hard 
and  heavy,  straight-grained,  and  very  narrow-ringed.  Freshly  cut 
wood  has  a  strong  cedar  odor.  Seasoned  heartwood  is  very  durable, 
and  has  been  extensively  used  locaUy  for  mine  timbers  and  to  a 
limited  extent  for  fence  posts.  Cattlemen  and  miners  familiar  with 
the  Chisos  Mountains  assert  that  40  or  50  years  ago  this  juni{>er  was 
much  more  abimdant  than  now,  and  that  large  numbers  of  the  best 
trees  were  then  cut  and  used  in  mines  near  BoquiUos,  Mexico.  The 
present  rather  limited  occurrence  of  this  species  in  the  United  States, 
however,  will  prevent  further  commercial  and  even  local  use. 

OOCURRBNOE  AND  HABITS. 

While  in  this  country  the  range  of  drooping  juniper  is  confined  to 
the  Chisos  Mountains  of  southwestern  Texas,  it  occurs  frequently  in 
all  of  the  canyons  there,  and  stretches  up  even  to  the  tops  of  the  low 
divides.  It  grows  aUke  in  the  deep,  washed,  gravelly,  and  sandy  soil 
of  watered  canyon  bottoms  (where  it  is  most  abundant  and  best 
developed),  and  on  dry,  rocky  benches,  slopes,  and  ridges,  becoming 
more  and  more  stunted  as  it  ascends  to  the  latter  situations.  It  is, 
usuaUy  found  at  elevations  between  6,000  and  7,000  feet,  probably 
not  going  higher.     The  limits  of  vertical  range  in  the  Chisos  Moun- 
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tains,  however,  have  not  been  determined.  In  its  Mexican  range 
drooping  juniper  is  said  to  grow  at  elevations  between  6,000  and 
8,000  feet.  In  the  Chisos  Mountains  it  occurs  in  small  groups  or  as 
scattered  trees,  commonly  associated  with  alligator  juniper,  Mexican 
piflon,  Texas  oak,  Mexican  mulberry,  and  Texas  madrone.  Within 
its  vertical  range  are  foimd  Rocky  Mountain  scrub  oak,  Emory  oak, 
western  yellow  pine,  one-seed  juniper,  stunted  Douglas  fir,  Arizona 
cypress,  and  Texas  ash. 

Drooping  juniper  bears  fruit  abundantly,  especially  when  growing 
on  open  slopes.  Some  berries  are  produced  practically  every  year, 
and  especially  large  crops  are  borne  at  intervals  of  from  two  to  three 
years.  Reproduction  is  sparse  on  dry,  rocky  slopes,  but  abundant  in 
moist  canyon  bottoms  and  on  deep-soiled  benches.  The  seed  is 
probably  not  disseminated  to  any  extent  by  birds,  as  in  the  case  of 
some  of  the  other  junipers,  because  the  berries  are  dry  and  impalat- 
able.  The  relatively  small  nimoiber  of  perfect  seeds  in  each  berry 
also  accoimt  for  the  slow  reproduction  of  this  tree. 

Seedlings  and  young  trees  grow  thriftily  in  dense  shade.  Pole- 
size  trees  can  maintain  themselves  almost  indefinitely  under  such 
conditions,  though  their  growth  is  exceedingly  slow.  The  crowns 
of  shaded  trees  are  much  thinner  and  the  foliage  less  robust  than  in 
the  case  of  trees  enjoying  full  light.  Dense  side  shade  and  moderate 
top  light  produce  the  tallest  and  clearest  tnmks,  with  open  crowns. 
Full  sunlight  gives  short  trees,  with  httle  or  no  clear  trunk  and  very 
dense  crowns. 

LONGEVITY. 

Drooping  juniper  gives  evidence  of  being  a  very  long-lived  tree. 
So  far,  however,  it  has  been  possible  for  the  writer  to  determine  the 
age  of  only  one  tree,  5  inches  in  diameter  at  the  collar,  which  was 
approximately  200  years  old.  During  the  first  150  years  of  its  life, 
this  tree  appears  to  have  grown  in  dense  shade.  During  the  last 
50  years  its  crown  seems  to  have  received  direct  light,  and  in  this 
period  its  growth  nearly  equaled  that  of  the  previous  century  and  a 
half.  The  largest  trees  (from  14  to  20  inches  in  diameter)  so  far 
fomid  in  the  Chisos  Mountains  are  growing  under  somewhat  more 
favorable  conditions  of  light,  so  that  they  are  probably  between  400 
and  500  years  old. 
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KEY  TO  SPBCDBS  OF  JUNIPBBUS. 

Tnulk  bark  divided  into  squarish  plates Jumperus  paehyphlaa. 

Trunk  bark  longitudinally  furrowed  and  ridged: 

Leaves  minute,  scalelike,  closely  pressed  upon  twigs: 

Branchlets  drooping  * Junipenu  flaceida. 

Branchlets  not  drooping: 

Heartwood  purplish  or  rose-red Juniperus  scopulorum. 

Heartwood  yellowish-brown: 

Berries  large,  mostly  over  one-fourth  of  an  inch  in  diameter  and 
bluish: 
One-seeded: 

Seeds  round-pointed,  furrowed,  and  creased  from  top  to 

bottom Juniperus  utahengis.^ 

Seeds  usually  chisel-pointed,  furrowed  only  at  bottom. 

Juniperut  megalocarpa^ 

Several-seeded Juniperus  ocddenlalis. 

Berries  small,  mostly  less  than  one-fourth  of  an  inch  in  diameter, 
and  bluish  or  copper-colored: 

One-seeded Juniperus  monosperma. 

Several-seeded Juniperus  sabinoides. 

Leaves  needlelike,  spreading  or  standing  out  loosely  on  the  twigs. 

Juniperus  communis. 

^  The  rare  "  weeping  "  form  of  /.  teopuhrum  may  be  easily  distinguished  from  J.  fliccida  by  its  rose-red 
heartwood  and  small  bluish  berries. 
*SeeJ.knigkHi,p.2i&. 
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[The  dfatrlbation  shown  in  Mexico  by  hatched  areu  ii  based  on  reported  oecarrenoes  not 
7et  TeriOad ;  solid  dots  show  localities  where  specimens  of  this  species  hare  been  coUeoted.] 
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YIELDS  OP  NATIVE  PRICKLY  PEAR  IN  SOUTHEB 

By  David  Griffiths,  Agriculttirist,  Office  of  Farm  Manage 
INTRODUCTION. 

When  information  regarding  the  value  of  prickly  peai 
demanded  some  years  ago  next  to  nothing  was  defii 
about  the  handling  of  the  crop  on  an  economic  basis, 
far  as  known,  the  species  of  southern  Texas  had  never 
atically  planted  as  a  crop.  In  consequence,  some  ver 
investigations  were  necessary  in  order  to  furnish  the  re 
mation.  First,  it  was  imperative  to  determine  the 
could  be  obtained  from  the  various  economic  species  u 
tion.  Data  on  this  phase  of  the  investigations  have 
to  such  an  extent  as  to  warrant  the  pubhcation  of  a 
statement  of  yields  seciu'ed  under  variable  and  difficu] 
The  difficulty  was  due  mainly  to  meager  facilities  and  lacl 
constancy  and  continuation  in  organization.  Although  t 
mider  which  the  various  yields  have  been  obtained  are  \ 
they  are  perfectly  interpretable,  and  some  of  them  at  Ic 
ordinary  farm  conditions  very  closely. 

Yields  for  the  first  plantings  made  were  reported  in 
of  the  Bureau  of  Plant  Industry.  In  this  first  2-year  p 
of  about  23  tons  per  acre  was  secured  for  each  year, 
time  further  observations  and  tests  have  been  possible  w 
at  San  Antonio  as  well  as  at  Brownsville.  These  two 
representative  of  the  coastal  region  of  heavy  rainfall  an( 
inland  situation  of  much  more  uncertain  distribution 
In  both  places  the  rainfall  is  irregular,  but  at  San  Antoni- 
in  quantity.  It  is  neither  possible  nor  necessary  her 
details,  but  the  rainfall  at  San  Antonio  is  not  only  on 
smaller  in  quantity  but  also  of  more  irregular  distribu 
Brownsville. 

»  Pot  a  discoslon  of  the  relation  of  the  dhnatic  conditions  of  the  San  Antonio  ro 
culture,  seo  Bulletin  124  of  the  Bureau  of  Plant  Industry,  entitled  "The  Prickly  Pear 
84730*»-Bull.  20&-15 
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YIELDS  AT  BROWNSVILLE. 

THE  FIRST  PLANTING. 

In  March,  1908,  the  first  planting  of  native  varieties  of  prickly  pear 
was  made  on  a  small  scale  at  Brownsville.  At  this  time  two  8-foot 
rows  458  feet  long  were  established  on  one  side  of  a  varietal  collection 
planted  the  same  summer.  Single-joint  cuttings  were  plowed  under, 
as  described  in  previous  publications,  at  a  distance  of  3  feet  apart  in 
the  row.  This  planting  was  given  moderately  good  cultivation. 
The  middles  were  kept  clean,  but  often  Bermuda  grass  and  other 
vegetation  were  allowed  to  grow  in  the  rows. 

In  the  latter  part  of  October,  1909,  or  at  the  end  of  the  second 
growing  season,  row  2  was  cut  and  weighed.  In  harvesting  this  row, 
a  good  stump  (PI.  I,  figs.  1  and  2)  consisting  of  one  to  four  cuttings, 
but  never  over  one  cutting  high,  was  left  attached  to  the  original  cut- 
ting, set  19  months  before.  The  total  material  harvested  in  this 
manner  weighed  17,060  pounds,  or  8.53  tons.  This  showed  a  yield 
at  the  rate  of  100.721  tons  to  the  acre  for  two  seasons'  growiJi,  or 
60.36  tons  per  acre  per  annum. 

The  first  row  was  not  harvested  at  this  time,  but  was  reserved 
imtil  the  following  February  to  be  cut  and  used  in  establishing  a 
6-acre  planting.  This  row  is  believed  to  have  yielded  considerably 
more  than  row  2,  harvested  in  the  fall. 

In  considering  these  yields,  attention  should  be  given  to  several 
conditions.  It  is  estimated  that  not  less  than  2  tons  per  acre  were 
left  on  the  ground  in  the  stumps,  besides  the  original  cuttings. 
The  increase  in  weight  between  October  and  March,  when  the  2-year 
period  would  be  complete,  would,  in  the  absorption  of  water  and  in 
growth,  amoimt  to  several  tons  per  acre.  The  harvesting  was  done 
at  a  time  when  the  pear  contained  the  least  moisture,  for  it  followed 
a  very  long  dry  season.  In  short,  this  test  is  hedged  about  by  such 
conditions  that  the  results  in  yield  as  given  appear  to  be  ultra- 
conservative. 

SPECIES  PLANTED. 

As  previously  stated,  the  native  species  of  prickly  pear  of  the  Rio 
Grande  delta  are  unique  (PI.  II,  fig.  2).  They  differ  from  any  that 
have  been  encoimtered  elsewhere.  What  is  paore,  they  were  entirely 
unstudied  when  our  investigations  were  begun.  A  reference  to  them 
is  found  in  one  of  the  works  of  Dr.  Engelmann,  but  this  is  all;  he  had 
never  seen  any  of  them. 

A  general  survey  of  the  species  of  the  immediate  vicinity  was  made, 
and  finally  two  species  were  selected  which  appeared  to  be  the  most 
promising.  For  the  sake  of  comparison  a  third  was  selected  from  a 
resaca  bank  near  Brownsville.  The  first  two  species  were  secured  at 
Loma  Alta,  about  6  miles  east  of  Brownsville.  They  were  selected 
on  account  of  their  thrifty,  compact  growth  in  nature,  the  character 
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and  number  of  the  spines  being  left  entirely  out  of  consideration. 
The  two  species  are  very  fiiimilar  in  stature  and  general  habit,  forming 
a  hemispherical  shrub  about  4  feet  high  when  fully  grown.  Since 
their  selection  and  planting,  they  have  been  described — one  as 
Ofuntia  gommei  and  the  other  as  Opuntia  cyaneUa. 

OpwnHa  gommei  is  a  bright,  more  or  less  glossy,  yellowish  green 
species  with  yellow  flowers. 

Opuntia  eyaneUa,  on  the  other  hand,  is  glaucous  or  waxy  blue- 
green,  with  flowers  opening  deep  red  but  soon  changing  to  purplish. 

Both  species  have  yellow  spines  and  spicules  in  large  numbers;  in 
fact,  all  the  native  species  of  the  delta  region  are  among  the  most 
spiny  of  any  of  the  economic  species  of  this  genus  of  plants,  their 
spines  and  spicules  being  not  only  niunerous,  but  large  and  stout. 
The  spines  are  so  large  and  stout  and  die  and  become  inflammable  so 
tardily  that  these  delta  species  are  among  the  most  difficult  in  the 
genus  to  prepare  properly  as  food  for  stock. 

The  first  two  rows  previously  discussed  were  planted  to  a  mixture 
of  these  two  species  in  about  equal  quantities. 

Besides  these  two,  a  third  species,  which  has  not  been  botanically 
named,  having  a  tall  habit  of  growth  and  differing  in  several  par- 
ticulars from  the  others,  was  planted  in  another  row,  largely  for 
comparison  and  to  verify  the  writer's  judgment  of  the  species  most 
profitable  to  grow.  In  other  words,  it  was  desirable  to  determine 
whether  one  with  a  little  experience  can  go  into  a  prickly-pear  region 
which  is  little  known  and  by  ordinary  observation  unerringly  select 
the  species  of  most  economic  worth. 

At  the  same  time  that  the  plantings  of  these  native  species  were 
made  a  single  row  of  approximately  the  same  length  as  the  others 
was  set  in  the  same  way  to  an  introduced  species  frequently  culti- 
vated by  the  Mexicans  about  Brownsville.  It  is  the  same  as  one  of 
tile  Mission  varieties  so  conunonly  grown  in  southern  California.  It 
is  the  spiny  "tuna  blanca''  of  the  region  of  San  Luis  Potosi,  Mexico, 
and  the  "tima  teca,"  or  ''tuna  blanca  teca,''  of  the  eastern  Jalisco 
and  Aguascalientes  regions. 

YIELDS. 

The  third  row  of  the  field  was  planted  to  this  third  species  (the 
tinnamed  one)  and  it  was  harvested  a  week  before  row  2.  The  row 
was  463  feet  long  and  the  yield,  when  harvested  precisely  as  the 
other,  was  13,190  poimds,  or  at  the  rate  of  77.03  tons  to  the  acre  for 
two  seasons'  growth.  This  means  an  average  annual  growth  of 
38.51  tons  per  acre,  as  contrasted  with  50.36  tons  in  the  case  of  a 
mixture  of  Opuntia  gommei  and  Opuntia  cyaneUa. 

The  introduced  Mission  pear  yielded  at  the  rate  of  42.75  tons  per 
acre  per  annum,  which  was  greatly  in  excess  of  our  expectations. 
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However,  the  results  here  are  not  quite  comparable  with  those  in  the 
other  cases,  for  this  species  was  cut  close  to  the  ground.  The  yields, 
however,  are  good  enough  and  close  enough  to  those  made  by  OpurUia 
gommei  and  Opuntia  cyaneOxi  so  that  the  species  becomes  one  to  be 
considered  as  an  economic  possibihty,  especially  as  it  is  much  more 
easily  singed  than  the  native  species.  It  also  produces  a  fine  quality 
of  fruit,  but  the  fruit  often  does  not  set  well  in  this  cUmate,  probably 
owing  to  the  excessive  rainfall  .which  is  Ukely  to  occur  when  the 
crop  is  in  blossom. 

After  this  harvesting,  all  but  the  first  two  rows  (a  mixture  of  Opuntia 
gommei  and  Opuntia  cyaneUa)  were  rooted  out.  Those  left  were 
cleaned  up  with  cultivator  and  hoe  and  kept  well  tilled  again  for  the 
next  two  years.  They  were  harvested  the  second  time  between  Octo- 
ber 21  and  December  27,  1911,  or  approximately  24  months  from 
the  first  harvesting.  (PL  I,  fig.  2.)  The  first  row  yielded  at  the 
rate  of  191.088  tons  per  acre  and  the  second  at  the  rate  of  236.286 
tons,  or  95.544  and  118.143  tons  per  acre  per  annum,  respectively. 
Averaging  these,  we  have  a  yield  at  the  rate  of  106.843  tons  per  acre 
per  annum  of  green,  succulent  feed. 

Late  in  February  and  early  in  March,  1910,  a  6-acre  planting  was 
established  upon  an  area  contiguous  to  the  above.  This  was  planted 
on  poorly  prepared  land,  a  part  of  which  was  flooded  at  times  and 
aU  of  which  contained  more  or  less  Bermuda  grass.  For  the  next 
two  years  this  area  was  cultivated,  but  it  was,  of  course,  not  possible 
to  give  it  the  best  tillage,  because  of  the  existence  of  the  Bermuda 
grass  and  the  refractory  character  of  the  Cameron  clay  which  ex- 
tended in  a  shallow  swale  diagonally  across  it.  This  planting,  made 
to  meet  the  requirements  of  a  feeding  experiment  conducted  by  the 
Bureau  of  Animal  Industry  of  this  department,  was  harvested 
according  to  the  demand  for  the  feed  between  October,  1911,  and 
May,  1913.  On  account  of  its  being  harvested  over  the  entire  grow- 
ing season  of  1912  it  is  not  possible  to  include  all  of  the  data,  but 
the  weights  at  the  time  of  harvesting  were  kept  by  rows.  Conse- 
quently, only  those  rows  harvested  during  the  dormaat  season  are 
available  and  comparable  with  other  figures  obtained  elsewhere. 

Although  this  crop  can  be  harvested  and  fed  at  any  time  of  the 
year,  estimates  of  its  yield  can  best  be  made  during  the  season  that 
the  plants  are  the  most  dormant,  and  in  order  to  be  exactly  com- 
parable they  should  be  made  during  the  same  time  of  the  year. 
Dormancy  is  only  a  relative  term  here,  for  while  no  apparent  new 
growth  takes  place  during  the  winter  months,  except  in  heavily 
pruned  plants,  there  is  httle  doubt  that  they  actually  do  increase  in 
weight  during  their  dormant  period. 

As  stated  above,  the  harvesting  of  the  6-acre  planting  was  done  a3 
the  feed  was  needed.     This  planting  was  contiguous  to  a  varietal 
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Fw.  1.— A  Field  of  Cultivated  Native  Prickly  Pear  at  Brownsville,  Tex., 
Showing  the  Growth  from  Sinqle-Joint  Cuttings  at  the  Close  of  the 
Secx)nd  Year,  One  Row  having  been  Harvested. 


Fia  2.— Another  View  of  the  Field  Illustrated  in  Figure  1,  Showing  the 
Growth  of  Two  Years  from  the  Stumps  Left  at  the  First  Harvesting. 
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Fig.  1.— a  6-Acre  Planting  of  Native  Prickly  Pear  at  Brownsville,  Tex., 
ABOUT  the  Middle  of  the  Second  Season's  Growth. 


Fig.  2.— Native  Uncultivated  Prickly  Pear  Growing  Near  Brownsville,  Tex. 
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collection  of  prickly  pear  and  agaves,  the  rows  being  numbered  con- 
secutively, the  6-acre  planting  beginning  at  row  20.  The  yields  of 
rows  20  to  48,  inclusive,  together  with  the  time  of  harvesting  and 
the  other  data  necessary  to  computations  and  a  proper  interpretation 
of  them,  are  given  in  Table  I. 

Table  I. — Dates  of  harvesting  and  yields  of  native  prickly  pear  at  Brownsville ^  Tex. 


No. 


Date  of  harvesting. 


Yield 
per  row. 


Length 
of  row. 


Total 

yield  per 

acre. 


Annual 

yield  per 

acre. 


1912. 


Jan.5  to  13 

Jfln.l4to20 

Jan.  20  to  30 

Peb.ltol2 

Feb.  14  to  28 

Mar.ltoU 

Mar.  16  to  Apr.  1... 

Apr.lto25 

Apr.  9  to  May  14... 

MaytoJime 

May  15  to  July  10... 
Jime4toJtayl4... 
Julyl5toAu«.  14.. 
Aug.  16  to  Sept.  21. 
Sept.  24  to  Oct.  21.. 
Oct.  22  to  Nov.  12.. 

Nov.  13  to  20 

Nov.21to26 

Nov.27to30 

Declto? 

Dec.7tol3 

Dec  13  tol7 

Dec  18  to  24 

Dec  24  to  28 


1912-13. 


Dec.  29  to  Jan.  2. 

Jaii.lto7 

Jaii.8toll 

Jaii.l3tol7 

Jan.  18  to  23 


Poundt. 
7,340 
6,676 
9,302 
12,062 
13,626 
12,591 
13,885 
17,662 
21,662 
21,662 
23,476 
24,160 
25,057 
22,531 
33,470 
23,525 
30,224 
24,239 
22,708 
27,306 
25,268 
19,488 
25,476 
22,005 


24,249 
23,718 
17,160 
20,216 
27,078 


Feet 
601 
501 
501 
499 
600 
501 
499 
498 
498 
496 
494 
490 
497 
489 
487 
484 
498 
481 
487 
475 
471 
468 
464 
469 


460 
456 
451 
451 


Tont. 

39.615 

35.492 

50.204 

65.362 

73.689 

67.966 

75.240 

96.809 

117.619 

118.331 

128.600 

138.373 

141.221 

124.688 

186.837 

131.428 

164.108 

136.262 

126.083 

156.443 

145.063 

112.697 

148.463 

129.633 


141.618 
139.421 
101.766 
121.206 
162.347 


Tons. 
19.807 
17.746 
26.102 
32.681 
36.844 
33.978 
37.620 
47.949 


43.809 
64.703 
46.490 
42.027 
61.814 
48.364 
37.632 
49.487 
43.211 


47.206 
46.474 
33.918 
40.402 
54.116 


It  will  be  seen  that  the  yields  are  very  variable.  This  is  due 
principally  to  the  varying  conditions  of  the  soil.  Attention  has 
been  called  on  another  page  to  the  low  depression  running  diagonally 
across  the  field.  This  was  of  stiff  Cameron  clay,^  very  refractory  and 
difficult  to  cultivate  and  flooded  at  times.  Another  cause  of  the 
differences  in  yield  was  the  greater  prevalence  of  Bermuda  grass  in 
some  places  than  in  others. 

With  reference  to  rows  20,  21,  and  22,  it  should  be  stated  that  the 
W  yields  were  due  to  still  another  factor.  The  stock  for  planting 
these  three  rows  was,  contrary  to  expectations,  secured  from  material 
cut  and  dulnped  into  a  waste  pile  several  months  before.  The  cut- 
tings were  badly  withered,  and,  being  planted  in  very  dry  soil  in  a 
season  followed  by  a  long  dry  sunamer,  they  did  not  start  well. 
Many  of  the  cuttings  failed  to  grow,  making  the  stand  poor.  During 
the  entire  two  seasons  it  was  very  noticeable  that  these  rows  were 
much  lighter  than  the  contiguous  rows  of  the  same  species  but  of 
good  stock. 
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In  the  last  column  of  Table  I  the  annual  yield  has  been  omitted  in 
those  rows  harvested  during  the  growing  season,  for  reasons  already 
stated.  An  average  of  the  others  gives  a  yield  for  the  portion  har- 
vested during  the  crop's  dormant  season  of  40.463  tons  per  acre  per 
annum.  Omitting  rows  20  to  22,  inclusive  (which  is  justifiable  on 
accoimt  of  the  poor  stand),  the  average  yield  per  acre  per  annum  is 
43.557  tons.  It  should  be  borne  in  mind  that  a  part  of  this  is  aver- 
aged for  two  years'  growth  and  a  part  for  a  three-year  period.  In 
other  words,  rows  20  to  27  were  harvested  after  two  seasons'  growth 
and  rows  35  to  48  after  they  had  attained  the  growth  of  three  seasons. 

The  species  of  prickly  pear  grown  in  these  experiments  were  a 
mixture  of  the  three  discussed  on  page  3,  but  Opuntia  gommei  and 
Opuntia  cyaneUa  greatly  predominated.  The  quantity  of  the  other 
species  grown  was  neghgible. 

In  addition  to  what  has  been  said  regarding  the  handling  of  this 
plantation,  it  should  be  stated  that  no  cultivating  at  all  was  done 
after  the  second  season.  Cuttings  were  set  in  this  planting,  as  in 
the  other,  in  8-foot  rows,  no  attempt  being  made  to  space  them 
exactly.  Under  these  conditions,  the  plants  had  bridged  over  the 
8-foot  rows  at  the  close  of  the  second  year's  growth  to  such  an  extent 
that  animals  could  not  pass  through  and  cultivation  had  to  be 
abandoned.     (PI.  II,  fig.  1.) 

CONDmON  OP  THE  PLANTATION. 

The  condition  of  the  plantation  was  first  class  during  the  entire 
period  up  to  late  in  the  winter  of  1913.  At  this  time  the  common 
fungous  diseases  of  the  region  began  to  be  alarmingly  prevalent; 
indeed,  so  much  material  had  to  be  discarded  in  feeding  that  accurate 
estimates  of  yields  could  not  be  secured  after  the  first  of  March. 
The  cause  of  this  condition  was  not  difficult  to  interpret.  The  season 
of  1912-13  had  an  abnormal  rainfall  and  a  winter  temperature  with 
a  high  minimum.  Weeds  and  grass  grew  thick  among  the  plants 
and  remained  green  for  the  most  part  during  the  entire  winter.  The 
pear  itself  had  grown  into  an  impenetrable  thicket,  furnishing  the 
best  conditions  possible  for  the  development  of  the  fungi. 

In  this  region  it  seems  as  though  the  age  of  the  plantation  when 
harvested  will  have  to  be  considered  more  than  in  any  other  in  which  we 
have  worked,  because  of  the  hability  of  the  development  of  various 
diseases  when  the  thicket  becomes  so  dense  as  to  prevent  the  aeration 
of  the  inner  deUcate  vegetative  parts.  It  is  possible  that  when  grown 
imder  usual  conditions  it  will  be  necessary,  in  order  to  secure  the  best 
results,  to  harvest  at  from  18  to  36  months  rather  than  let  the  crop 
stand  for  longer  periods,  as  is  possible  in  the  San  Antonio  r^on  or 
farther  inland  in  general.  The  common  diseased  condition  of  the 
prickly  pear  in  the  brush  about  Brownsville  points  to  its  suscepti- 
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hflity  to  disease  in  this  region.  In  all  regions,  however,  much 
growth  is  lost  after  the  plants  attain  a  certain  size.  Even  at  San 
Antonio  the  joints  that  are  heavily  shaded  in  the  center  of  the  plant 
either  rot  or  dry  up  when  the  plant  is  about  3  years  old.  This 
means  that  th^e  plants,  like  trees  and  shrubs  in  general,  go  through 
a  process  of  natural  pruning  which  lets  light  and  air  into  the  center 
of  the  plant.  This  natural  pruning  takes  place  everywhere,  but 
much  more  tardily  when  growth  is  less  rapid. 

A  summary  of  the  conditions  and  of  the  yields  obtained  at  Browns- 
vifle  is  given  in  Table  II. 

Table  II. — Summary  of  yields  of  native  prickly  pear-  ffrovmfrom  cuttings  or  old  stumps 

at  BrovmsvilUj  Tex. 


Time  harvested. 

CbaracterofcuIH- 
Tation. 

Cuttings  or 
stomps. 

YWdper 
acre  per 

Oetober,  1909. 

Good. 

Cuttfaigs 

do 

do 

Stnmps 

Cuttings 

Tom. 
5a  32 

3a  42 
42.76 
106.843 

40. 314 

Opuntia     gommei     and 
Opuntiacyanella. 

Mission.     ' 

Opuntia     gommei     and 

Opuntia  eyanella. 
Mamly   Opuntia   gommei 

and  Opuntia  eyanella. 

Do 

Do 

Oct.  21  to  Dw.  27, 1911 

Donnant  seasons  of  1912-13. . . 

do 

do 

do 

Good  for  two  sea- 
sons; none  there- 
after. 

YIELDS  AT  SAN  ANTONIO. 

&ice  the  publication  of  the  last  bulletin  ^  detailing  the  conduct  of 
experiments  at  San  Antonio,  Tex.,  8  acres  of  prickly  pear,  mainly  of 
Opuntia  Uniheiineri,  have  been  grown  and  harvested  from  time  to 
tune  as  the  condition  of  the  plantings  appeared  to  warrant.  An 
effort  has  been  made  on  aU  occasions  to  make  the  test  practical  and 
comparable  with  other  crops  grown  in  the  same  vicinity.  Although 
it  has  not  been  possible  to  sec\u*e  the  cultivation  deemed  necessary, 
possibly  even  this  brings  a  closer  approximation  to  usual  conditions. 

During  the  entire  time  that  the  experiments  have  been  carried  on 
tile  cultivation  has  been  poor.  It  has  been  below  the  average  for 
farm  work  in  the  region;  indeed,  in  nearly  every  period  there  was  a 
year  with  no  cultivation  at  all,  and  in  no  case  did  cultivation  to  the 
extent  of  conserving  moisture  obtain  at  any  time.  The  handling 
has  been  what  could  very  proj>erly  be  called  poor  farming. 

YIELD  WTTHOUT  CULTIVATION. 

On  March  3, 1911,  a  harvesting  was  made  of  an  acre  of  uncultivated 
{^anting  established  five  years  before.  In  this  instance  furrows  were 
opened  up  with  a  plow  on  the  native  imbroken  sod  of  the  region  after 
the  mesquite  and  other  shrubs  had  been  grubbed  off.     The  cuttings 

>  Bureau  of  Plant  Industry  Bulletin  124, 1908. 
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were  distributed  at  the  side  of  the  furrow  and  partially  covered  by 
pulling  the  sods  back  on  their  bases.  No  attention  was  paid  to  this 
acre  of  ground  after  it  was  planted.  The  area  was  fenced,  however, 
in  order  to  keep  stock  out  of  some  varieties  which  were  originally 
planted  in  an  adjoining  acre  of  ground,  but  the  handling  in  this  respect 
was  not  at  all  uniform,  for  part  of  the  time  the  cattle  were  allowed 
access  to  the  field,  when  the  grass  and  other  vegetation  on  the  plat 
were  grazed  closely,  Uke  the  other  native  pastures  on  the  place  and  in 
the  vicinity. 

This  plat  of  groimd,  besides  furnishing  information  on  this  particular 
subject,  throws  important  light  on  the  handling  of  pasture  in  generaL 
Its  irregular,  periodical  harvesting  by  dairy  cattle,  which  were  herded 
on  the  acre  of  ground  on  two  occasions,  showed  conclusively  that  this 
acre,  besides  growing  the  crop  of  prickly  pear,  actually  furnished  more 
grazing  than  any  other  hke  area  of  native  pasture  on  the  fann« 
This  result  was  due  to  periodical  as  contrasted  with  continuous  graz- 
ing. Of  course,  an  exact  quantitative  comparison  between  this  plat 
and  the  remaining  native  pastiu'es  of  the  farm  is  obviously  impossible, 
except  in  so  far  as  one  is  able  to  judge  from  the  total  results  of  the 
farm  pastures  as  compared  with  the  number  of  animals  fed  for  sin^e 
days  on  this  acre. 

Under  the  above  conditions,  which  are  the  same  as  those  of  the 
native  cleared  pastures  of  the  region  except  in  so  far  as  the  periodical 
grazing  and  the  actual  planting  of  the  cuttings  may  affect  the  growth 
of  the  pear,  there  was  a  very  low  production  as  compared  with  ev^n 
the  poorly  tilled  soU.  The  growth  was  of  such  a  character  as  not 
to  warrant  harvesting  until  after  it  had  attained  an  age  of  5  years 
instead  of  3  years  in  poorly  cultivated  and  2  years  in  well-cultivated 
groxmd. 

At  the  end  of  a  5-year  period  this  acre  of  ground  yielded  a  crop  of 
58,920  poimds,  which  is  29.46  tons,  or  5.89  tons  per  acre  per  f>.nmiiT^. 
The  harvesting  was  done  in  a  manner  comparable  with  other  harvest- 
ings discussed  elsewhere,  leaving  small  stiunps  for  future  growth. 
The  distances  apart  here  were  the  same  as  in  the  cultivated  plantings. 

Three  years  later  a  representative  number  of  rows  were  again  har- 
vested from  this  area,  the  growth  being,  of  course,  from  the  old 
stumps  left  at  the  previous  harvesting.  The  yield  this  time  was  at 
the  rate  of  9.8  tons  to  the  acre  each  year.  Here,  as  in  all  other  ex- 
periments thus  far  conducted,  the  growth  was  considerably  greater 
from  old  stiunps  than  from  freshly  set  cuttings.  This  is  simply  due 
to  the  greater  productivity  of  well-established  plants. 

A  few  representative  rows  of  this  imcultivated  acre  were  harvested 
at  the  end  of  the  second  growing  season  and  reported  upon  in  Bulletiii 
124  of  the  Bureau  of  Plant  Industry.  The  yield  obtained  was  at  the 
rate  of  2.83  tons  per  annum. 
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YIELD  WITH  CULTIVATION. 

In  April  and  early  May,  1909,  there  were  harvested  3  acres  of  prickly 
pear  planted  in  March,  1907.  The  ground  was  put  m  a  good  state  of 
cultivation  when  the  cuttings  were  planted  and  was  kept  fairly  weU 
cultivated  the  first  year.     The  second  year  it  was  given  no  cultivation. 

It  was  not  possible  at  this  time  to  get  weights.  The  best  that  could 
be  done  was  to  determine  the  length  of  time  the  area  would  feed  a 
definite  nimiber  of  dairy  cows  all  the  roughage  they  would  consume. 

During  the  feeding  there  was  an  extraordinary  amount  of  waste, 
for  here,  as  in  all  other  cases  which  have  come  under  our  observation, 
cattle,  when  their  feed  is  abimdant,  reject  the  young  growth  until  the 
jomts  are  well  filled  out.  The  fact  that  the  harvesting  was  done  late 
in  the  third  growing  season  does  not,  therefore,  in  all  probabiUty,  in- 
troduce any  appreciable  error  into  the  calculations  if  the  current  season 
is  discarded  in  our  reasoning.  All  the  roughage  consumed  for  1,510 
cow-days  was  furnished  by  these  3  acres  of  a  2-year-old  crop.  This  is 
equivalent  to  a  production  of  roughage  for  five  cows  on  6  acres  of 
ground.  When  the  entire  lack  of  cultivation  and  the  second  and  only 
moderate  cultivation  the  first  year  are  taken  into  account,  this  yield  is 
comparable  with  more  accurate  harvestings  made  by  weighing  on 
another  occasion.  ^ 

In  March  and  April,  1910,  another  3  acres  of  the  same  field  were 
Wv^ted  by  being  cut  and  a  representative  area  was  weighed.  This 
area  was  handled  the  same  as  the  other  3  acres  the  first  two  years,  and 
was  left  and  cultivated  again  the  third  year.  The  yield  was  at  the 
rate  of  14.32  tons  per  acre  per  annum. 

This  field  was  fenced  and  cattle  kept  out  imtil  the  plants  were  weU 
started;  then  the  gates  were  left  open  and  cattle  allowed  to  enter  the 
field  at  will.    They  did  much  to  keep  down  certain  weeds  and  native 


In  March,  1913, 1  acre  of  a  3-year-old  crop,  set  from  single-joint  cut- 
ting in  the  usual  way  in  the  spring  of  1910,  was  cut  and  weighed. 
Tlie  crop  was  gr6wn  upon  land  which  had  been  set  to  a  varietal  collec- 
tion for  four  or  five  years.  It  was  in  a  good  state  of  cultivation  when 
planted,  so  far  as  weeds  were  concerned,  but  it  was  very  dry  and  cloddy. 
Dnring  the  first  year  the  cultivation  was  satisfactory;  the  second  year 
it  was  all  but  abandoned,  and  during  the  third  year  an  ineffectual  at- 
tempt was  made  to  keep  the  weeds  down.  In  all,  the  tract  was  not 
over  half  cultivated  during  the  entire  period. 

The  harvesting  was  done  from  March  12  to  March  25,  1913,  and 
good  stamps  were  left  for  future  growth.  The  yield  imder  the  circum- 
stances was  very  satisfactory,  a  total  of  124,114  pounds  being  secured. 
This  is  at  the  rate  of  20.685  tons  per  acre  per  annum. 

1  See  Bureau  of  Plant  Industry  Bulletin  124, 1908. 
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It  should  be  stated  that  this  growth  was  not  all  from  cuttings. 
About  four  rows  of  the  old  varietal  plantings  were  preserved,  and  to 
this  extent  the  crop  was  from  stumps  which  had  previously  had  a  crop 
taken  from  them.  The  plantings  here,  as  in  the  other  cases  at  San 
Antonio,  are  made  approximately  2  J  feet  apart  in  6-foot  rows.  The 
varieties  grown  here  are  the  same  as  those  discussed  in  previous 
pubUcations.  Opuntia  lindheimeri  has  been  the  principal  species,  but 
there  has  been  a  small  admixture  of  O.ferruginispina,  0,  sindairiij 
and  other  less  important  species. 

In  April,  1914,  another  harvesting  of  a  representative  area  was  made 
by  cutting  and  weighing  two  8-foot  rows  416  feet  long.  The  yield  for 
the  three-year  period  from  the  weU-established  stumps  of  the  previous 
harvesting  in  1910  was  at  the  rate  of  28  tons  to  the  acre  each  year. 
During  the  season  of  1910  this  area  was  plowed  with  a  turning  plow 
and  cultivated  with  a  spike-tooth  harrow  three  times,  which,  because 
of  the  harvesting  and  burning  over  of  the  previous  spring,  put  the 
ground  in  fairly  good  condition,  especially  for  the  penetration  of 
moisture.  All  the  cultivation  given  consisted  in  going  over  the  land 
two  or  three  times  with  a  spike-tooth  harrow  in  1911.  The  increase 
here  over  the  other  harvestings,  due,  it  is  behoved,  to  the  greater  vigor 
of  the  old  established  plants,  is  striking.  The  beneficial  effect  of 
placing  the  land  between  the  rows  in  good  tilth,  even  if  it  be  only  once 
in  four  years,  is  also  shown  without  doubt.  Attention  should  be 
called  to  the  fact  that  no  handwork  was  done  in  this  field  after  the 
planting. 

A  summary  of  the  conditions  and  of  the  yields  of  native  prickly 
pear  obtained  at  San  Antonio  is  given  in  Table  III. 

Table  III. — Summary  of  yields  of  native  prickly  pear  grown  from  cutHngs  or  old  gtumps 

at  San  AntoniOf  Tex. 


Time  harvested. 

Character  of 
cultivation. 

Cuttings  or 
stumps. 

Yield  per 
acre  per 
annum. 

Species  grown. 

October,  lfl07 

None 

Cuttings 

do 

Tom. 
2.83 

& 

5.89 
20.685 

28.00 
9.8 

Opuntia  lindheimorL 

Anril  and  Mav.  1909 

Very  Door 

AprU,1910 

March,  1911 

do 

None 

do 

do 

Do. 
Do. 

March^  i913 

Poor 

do 

do 

Stumps 

do 

Opuntia      lindheimeri 

mostly. 
Opuntia  lindhehneri. 
Do. 

April  1914 

Spring,  1914 

None 

1  Roughage  for  1  cow  on  H  acres. 

GENERAL  CONDITIONS  AFFECTING  YIELDS. 

As  shown  by  the  figures  cited,  other  conditions  being  equal,  the 
yields  of  prickly  pear  at  a  particular  place  have  generally  been  in 
direct  proportion  to  the  care  given  the  plantation.  The  most  potent 
factor  after  the  plants  are  once  thoroughly  established  is  cultivation. 
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The  pear  does  not  seem  to  require  anything  like  a  dust  mulch  or  deep 
cultiyation,  such  as  is  so  commonly  practiced  with  other  crops  in  dry 
regions.  All  that  experience  seems  to  indicate  as  necessary  is  to  keep 
down  the  weeds,  which  interfere  with  the  growth  of  the  pear  the  same 
as  with  any  other  crop.  Shallow  cultivation  appears  to  be  sufficient, 
but,  owing  to  the  fact  that  our  plantations  at  San  Antonio  have  at 
times  become  very  weedy,  a  shallow  furrow  has  been  turned  toward 
the  rows  and  subsequently  leveled  with  a  spike-tooth  cultivator.  In 
our  two  situations,  the  maintenance  of  a  dust  mulch  has  not  seemed 
necessary,  even  in  the  driest  seasons. 

In  one  of  our  varietal  plantings  at  Brownsville,  estabUshed  upon  an 
old  Bermuda-grass  sod,  a  good  dust  mulch  of  2  to  4  inches  seemed  to  be 
very  detrimental.  In  this  case  we  were  dealing  with  resaca-bank 
loam  in  a  perfect  state  of  tilth  for  two  years.  Under  this  treatment 
there  was  a  constant  and  abundant  supply  of  moisture  in  the  soil. 
The  growth  of  all  species  was  very  rapid  for  a  short  time,  but  they 
soon  rotted  ofiF  at  the  surface  of  the  groimd,  and  this  condition  con- 
tmued  at  an  alarming  rate  for  two  or  three  seasons  after  the  estab- 
lishment of  the  plantation.  The  spineless  and  introduced  species 
suffered  most,  but  the  native  species  rotted  oflF  also.  They  simply  fell 
over  and  took  root  again  on  top  of  the  ground,  thus  becoming 
reestablished  and  still  making  a  phenomenal  growth.  Under  these 
humid  conditions  a  deep  dust  mulch  was  decidedly  detrimental. 
Treatment  which  allowed  the  soil  to  dry  out  more  readily  was  pro- 
ductive of  better  results.  In  short,  upon  the  heavier  lands  of  south- 
em  Texas,  represented  by  the  regions  in  which  this  work  has  been 
done,  a  dust  mulch  does  not  seem  to  be  essential,  but  it  is  necessary 
to  keep  down  the  weeds  and  give  sufficient  cultivation  to  allow  a  good 
penetration  of  moisture  at  the  time  of  rainfall. 

At  Chico,  Cal.,  where  the  simmiers  are  long,  hot,  and  dry,  aU  species 
except  those  from  our  driest  deserts  have  withered  badly  when  weeds 
were  not  kept  out,  but  when  cultivated  sufficiently  to  keep  them  down 
no  wilting  occurs.  The  desert  forms  have  shown  no  signs  of  wither- 
ing at  Chico,  even  when  no  cultivation  or  irrigation  was  given.  Even 
with  poor  cultivation,  plantings  of  native  prickly  pear  at  Brownsville 
have  never  suffered  from  drought,  although  the  same  plants  occa- 
sionally wither  in  the  brush  in  the  vicinity.  At  San  Ajitonio  our 
poorly  cared  for  and  weedy  plantings  were  often  considerably  with- 
ered. The  cultivation  there  has  never  been  sufficient  to  do  much  in 
the  way  of  conserving  moistm*e,  but  has  usually  been  enough  to 
cause  a  good  penetration  of  the  rainfall.  When  no  weeds  were  pres- 
ent the  evaporation  of  this  rainfall  from  a  poorly  cultivated  surface 
has  not  caused  the  plants  to  wilt. 
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INTRODUCTION. 

A  r^sumS  of  the  viticultiiral  investigations  in  the  Vinifera  regions 
of  the  United  States  up  to  1910  was  reported  in  Bulletin  172  of  the 
Bureau  of  Plant  Industry.  The  present  publication  supplements 
that  bulletin  and  gives  additional  data  on  the  investigations  then 
under  way,  as  well  as  reports  upon  researches  started  since  the  date 
of  that  publication.  The  fundamental  problems  of  the  Vinifera 
region,  as  determined  by  the  early  surveys,  were  found  to  require  (1) 
a  comprehensive  test  of  the  resistant  varieties  of  vines  to  determine 
their  adaptability  to  the  different  soils  and  climatic  conditions;  (2) 
a  study  of  the  congeniality  of  Vinifera  varieties  to  the  different 
Tristan t-stock  varieties;  (3)  a  study  of  the  behavior  of  fruiting 
varieties  to  determine  those  best  adapted  to  the  different  localities; 
and  (4)  a  consideration  of  all  classes  of  grapes  with  reference  to  their 
resistance  to  destructive  insects  and  diseases  and,  if  found  necessary, 
the  origination  of  an  entirely  new  class  of  grapes  better  adapted  to 

8S756*— Bull. 
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Pacific  coast  conditions.  These  questions  still  remain  the  broad 
cardinal  problems,  but  the  facilities  for  their  solution  have  been  much 
enlarged  and  a  number  of  subordinate  problems  that  developed  in 
the  prosecution  of  the  work  have  been  taken  up  as  far  as  the  means 
and  facilities  of  the  Department  of  Agriculture  permitted. 

COOPERATTVE  EXPERIMENT  VINEYARDS  AND  THEIR  NATURE. 

To  afford  facilities  for  solving  these  problems,  the  Bureau  of  Plant 
Industry  has  established  12  experiment  vineyards  on  the  Pacific 
coast.  One  of  these  is  at  the  Plant  Introduction  Field  Station,  Chico, 
Cal.,  and  11  are  located  in  various  other  grape-growing  centers  in 
cooperation  with  growers. 

A  brief  description  of  the  purpose,  location,  soU,  and  climatic  con- 
ditions at  or  near  each  of  these  vineyards  foUows.  (Fig.  1.)  Those 
desiring  correlation  and  mechanical  analyses  of  the  soils  and  fuller  cli- 
matic data  are  referred  to  Bulletin  172  of  the  Bureau  of  Plant  Industry. 
The  soil  descriptions  are  from  data  furnished  by  the  Bureau  of  Soib, 
while  the  weather  data  are  taken  from  records  furnished  by  the  San 
Francisco  office  of  the  Weather  Bureau,  through  Prof.  McAdie,  and 
from  observations  made  in  the  experiment  vineyards. 

MAIN  VINEYARDS. 

Three  primary  vineyards  of  20  acres  each  are  located  near  Oak- 
ville,  near  Fresno,  and  at  Ouasti,  Cal. 

At  the  Oakville,  Fresno,  and  Guasti  experiment  vineyards  viticul- 
tural  material  introduced  from  foreign  countries  is  tested.  In  these 
vineyards  the  adaptability  to  different  localities  and  the  value  of 
grape  varieties  for  different  uses  is  determined;  the  relative  resistance 
of  grape  varieties  to  destructive  insects  and  diseases  is  inquired  into; 
the  congeniality  of  grape  varieties  to  the  different  resistant  sorts  is 
determined ;  and  grape  varieties  not  now  grown  in  the  Vinif era  regions 
of  this  country  are  tested,  with  a  view  to  the  possibility  of  their  sup- 
planting some  of  the  varieties  now  grown.  Experiments  to  determine 
how  the  various  varieties  should  be  propagated,  grafted,  pruned, 
trained,  and  otherwise  cared  for  are  under  way.  These  vineyards 
offer  some  opportxmity  for  the  broad  viticultural  research  and  experi- 
mental work  that  is  needed,  and  furnish  practical  object  lessons  in 
viticulture  and  facilities  for  solving  some  of  the  many  commercial 
problems  of  the  industry. 

OAKVILLB   BXPBRIMBNT  YINBTARD. 

The  Oakville  Experiment  Vineyard  (PI.  I,  fig.  1)  was  established  in 
the  spring  of  1903,  and  is  located  1  mile  west  of  Oakville,  Napa  Co., 
Cal.,  on  the  property  of  the  To-Kalon  Vineyard  Company,  at  an  ele- 
vation of  161  feet  above  sea  level.    The  soil  is  a  dark-brown  or  black 
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gravelly  day  loam  or  heavy  loam,  containing  a  large  quantity  of 
organic  matter  formed  in  a  swamp  or  lagoon  extending  in  past  geo- 
logical ages  up  Napa  Valley  from  San  Pablo  Bay,  typical  of  the  greater 
part  of  the  soils  in  the  valley  floor.  On  weathering,  the  shales,  sand- 
stones, limestones,  lime  conglomerates,  and  large  quantities  of  usually 
lenticular  or  angular  gravel  with  little  erosion  of  edges  are  washed 
down  from  the  steep  hills  or  moimtains  surrounding  Napa  VaUey  on 


Fio.  1.— Map  of  California,  showing  (by  large  black  dots)  the  location  of  the  twelve  experiment  vine- 
yards of  the  Bureau  of  Plant  Industry. 

all  sides  except  the  south,  and  tend  to  form  a  heavy  or  clayey  soil  with 
only  small  quantities  of  sand.  No  hardpan  or  alkali  appears.  The 
surface  is  undulating,  affording  a  fairly  rapid  nm-off  of  surplus  rain- 
water, though  in  places  the  subsoil  is  quite  wet  during  the  spring 
months.  No  irrigation  is  necessary.  The  clay  and  silt  in  the  sub- 
soils greatly  aid  in  retaining  moisture  in  spite  of  the  large  quantity  of 
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gravel  (20  to  40  per  cent)  they  contain.  Cultivation  reduces  the  sur- 
face to  a  good  jnulch.  When  grape  culture  in  Napa  Valley  and  the 
adjoming  foothills  became  important,  a  reputation  for  the  superior 
quaUties  of  its  dry  wines  was  rapidly  made,  esj>eciaUy  for  the  excel- 
lence of  the  white  wines.  This  reputation  has  been  sustained,  and 
Napa  County  has  remained  one  of  the  leading  dry-wine  sections  of  the 
State. 

FRESNO   EXPERIMENT  VINEYARD. 

The  Fresno  Experiment  Vineyard  (PI.  I,  fig.  2)  was  established  in 
the  spring  of  1903.  It  is  located  3  miles  east  of  Fresno  on  the  prop- 
erty of  the  Fresno  Vineyard  Company,  at  an  elevation  of  290  feet 
above  sea  level.  The  soil  is  the  San  Joaquin  sandy  loam.  The  fact 
that  it  is  an  outlying  isolated  portion  of  soil  of  this  character  accoimts 
for  the  increased  depths  to  hardpan  and  the  sandier  subsoil  imme- 
diately above.  The  San  Joaquin  sandy  loams  are  confined  to  lands 
adjacent  to  the  lower  foothills  on  the  eastern  side  of  the  San  Joaquin 
and  Sacramento  Valleys,  where  75,000  acres  near  Fresno,  6,000  acres 
near  Stockton,  and  265,000  acres  about  Sacramento  have  already 
been  mapped.  The  soil  is  light  red  in  color,  granitic  in  origin,  and 
composed  largely  of  sharp,  angular  particles.  The  surface  is  rolling 
and  generally  covered  with  hog  wallows  and  small  moimds. 

In  the  experiment-vineyard  plat  two  varieties  of  soil  were  recog- 
nized, namely,  adhesive  sandy  loam,  closely  approaching  a  true  loam, 
and  a  friable  sandy  loam.  The  former  retains  moisture  longer  than 
the  latter,  which  is  a  deeper  soil  of  lighter  texture.  Leveling  the  plat 
disturbed  the  natural  soil  conditions,  decreasing  the  depth  of  the 
sticky,  adhesive  sandy  loam  in  spots  and  exposing  free  sandy  loam  in 
others,  causing  the  hardpan  underlying  the  plat  to  occur  at  depths 
varying  from  scarcely  20  inches  to  over  6  feet,  whereas  the  average 
depth  at  which  it  occurs  is  3 J  to  4  feet  below  the  surface.  This  hard- 
pan,  which  always  accompanies  San  Joaquin  sandy-loam  soil,  is  a  red 
iron-sandstone  substance  cemented  by  hydrates  of  iron  and  alumina 
combined  with  clay.  When  this  occurs  at  2  feet  or  less  below  the 
siuf  ace,  blasting  is  necessary.  TreeJs  and  vines  thrive  when  the  hard- 
pan  is  broken  or  where  it  lies  at  a  sufficient  depth  below  the  surface. 

The  soils  of  the  plat  above  the  hardpan  contain  alkali  varying  from 
less  than  0.05  to  more  than  20  per  cent;  but  in  the  lowest  grade  soil 
no  alkah  is  visible.  Of  the  salts,  over  90  per  cent  are  chlorids,  as  fol- 
lows: Calcium,  50;  magnesium,  25;  sodium,  15;  and  potassium,  about 

2  per  cent.     The  remainder  consists  of  calcium  sulphate  and  bicar- 
bonate of  soda.     The  depth  of  the  water  table  on  the  tract  averages 

3  feet. 

Fresno  is  in  the  center  of  the  raisin  industry  of  the  country,  and  is 
also  one  of  the  most  important  wine  and  brandy  producing  districts 
of  California. 
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At  Oakville  there  are  being  assembled  and  tested  on  resistant  stocks 
all  the  grape  varieties  of  the  world  thought  to  be  of  value  to  the  Pacific 
slope,  while  at  Fresno  sinlilar  tests  are  made  of  raisin,  currant,  and 
fleshy  varieties. 

OUASTI   EXPERIMENT  VINEYARD. 

In  view  of  the  entirely  different  conditions  prevailing  south  of  the 
Tehachapi  Pass,  especicJly  in  the  desert  region,  the  Department  of 
Agriculture  in  the  spring  of  1904  established  another  experiment 
vineyard  of  like  importance  and  acreage  in  the  San  Bernardino 
desert,  at  Guasti,  Cal.,  950  feet  above  sea  level,  on  the  property  of  the 
Italian  Vineyard  Company.  (See  PI.  I,  fig.  3.)  The  soil  mapped  as 
Maricopa  gravelly  sand  is  a  gray-brown  gravelly  sand  of  very  \mi- 
form  texture  to  an  unknown  depth.  The  surface  is  compact  when 
untitled,  because  the  sharp,  angular  sand  composing  the  soil  becomes 
somewhat  cemented  by  the  organic  matter  occurring  in  the  topsoil. 
At  a  depth  of  3  feet  the  soil  is  more  concentrated  and  often  yellowish 
from  the  oxidation  of  iron  in  the  soU.  The  soil  is  almost  entirely 
granitic,  and  is  washed  from  the  Sierra  Madres.  It  contains  quan- 
tities of  imdecomposed  potash,  feldspar  particles,  which  should 
insure  abimdant  potash  for  the  maturing  of  grapes.  The  soil  covers 
most  of  the  San  Bernardino  VaUey  floor,  and  when  thoroughly  culti- 
vated holds  moisture  well,  the  fine  sand  and  silt  giving  the  soil  capil- 
lary power  to  bring  water  up  from  below.  Two  of  the  largest  vine- 
yards of  the  world  are  in  this  valley,  on  similar  soU.  As  the  phyl- 
loxera is  not  known  to  exist  here,  the  plantings  in  the  experiment 
vineyard  are  principally  Vinifera  varieties. 

CHICO  VARIETAL  VINEYARD. 

The  Chico  Varietal  Vineyard  is  located  at  the  plant-introduction 
field  station,  3  miles  east  of  Chico,  Butte  Co.,  Cal.,  and  ia  about  196 
feet  above  sea  level  (PI.  II,  fig.  1).  The  soil,  an  alluvium,  is  composed 
of  material  brought  down  from  the  mountains  and  hiUs  on  the  east 
and  is  from  8  to  12  feet  deep.  It  is  underlain  by  a  body  of  sandy 
water-worn  gravel  and  bowlders,  which  always  carry  water.  The  soil 
is  of  light  textiu^e,  varying  from  light  loam  to  heavy,  fine  sandy  loam, 
the  heaviest  being  loam.  It  is  well  drained  and  easily  cultivated. 
The  heavy,  fine  sandy  loam  consists  of  from  30  to  36  inches  of  fine 
sandy  loam,  underlain  by  very  fine  sandy  loam,  usually  containing 
some  gravel.  The  light  loam  has  from  10  to  15  inches  of  fine  sandy 
loam  or  sandy  loam  underlain  by  a  heavier  structure  closely  approach- 
ing loam.  The  largest  area  of  this  soil  is  found  about  Chico,  but  simi- 
lar soil  occurs  in  the  Feather  and  the  Bear  River  Valleys. 

At  the  Chico  vineyard  are  being  assembled  and  maintained  two 
plants  each  of  grape  varieties  that  prove  of  special  value  for  specific 
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purposes,  together  with  grape  inunigrants  from  all  parts  of  the  world 
introduced  by  the  Office  of  Foreign  Seed  and  Plant  Introduction.  The 
first  plantings  were  naade  in  the  spring  of  1906,  and  the  collection  here 
already  comprises  308  resistant  and  direct-producing  sorts  and  141 
Vinifera  varieties  grafted  on  resistant  stocks. 

SMALLER  VINEYARDS. 

In  addition  to  the  main  plantations,  outlying  vineyards  of  10  acres 
each  have  been  established  to  test  varieties  at  different  altitudes,  at 
varying  distances  from  the  ocean,  bays,  and  other  bodies  of  water, 
under  different  climatic  and  other  conditions,  and  on  the  leading  types 
of  vineyard  soils  not  found  at  the  Oakville,  Fresno,  and  Ouasti 
vineyards. 

BRAWLEY  EXPERIMENT  VINEYARD. 

The  Brawley  Experiment  Vineyard  was  established  in  the  spring  of 
1911  on  the  New  River,  1  mile  west  of  Brawley,  Imperial  Co.,  CaL,  on 
the  property  of  Mrs.  Mabel  Oakley,  about  110  feet  below  sea  leveL 
(See  PL  II,  fig.  2.)  The  soil.  Imperial  loam,  is  sediment  brought 
down  by  the  Colorado  River  and  deposited  in  strata  either  while  the 
area  was  still  submerged  or  from  the  overflow  waters  as  they  spread 
over  the  plain.  Before  irrigation  these  strata,  varying  from  1.1  to 
2  or  3  inches  in  thickness,  are  quite  hard  and  look  like  shale,  but  water 
softens  them  readily.  This  soil  after  irrigation  is  a  sticky  reddish 
loam,  a  little  heavier  than  a  silt  loam,  having  a  depth  of  4  to  6  feet  and 
resting  on  a  clay  or  clay-loam  subsoil,  which  in  turn  is  underlain  by 
alternate  strata  of  lighter  and  heavier  material  to  an  indeterminate 
depth.  The  surface  is  usually  smooth  and  level  and  abnost  devoid 
of  vegetation.  The  soil  often  contains  considerable  organic  matter 
and  when  irrigated  is  productive.  Alkali  is  found  in  all  of  it  and 
often  greatly  in  excess  of  what  even  the  most  resistant  plants  can 
stand,  thus  making  much  reclamation  work  necessary.  This  soil  is 
by  far  the  most  extensive  type  in  the  Imperial  Valley.  It  extends 
from  about  the  middle  of  the  eastern  boundary  across  in  a  northwest- 
erly direction  into  the  Salton  Sink.  A  large  part  of  the  area  west  and 
southwest  of  Imperial  and  large  tracts  between  Mesquite  Lake  and 
the  Mexican  line  are  of  this  type  of  soil. 

The  Imperial  Valley  is  said  to  be  the  earliest  fruit-ripening  district 
in  the  United  States,  and  as  no  phylloxera  have  been  located  in  it  the 
plantings  of  280  grape  varieties  in  this  vineyard  are  all  Vinifera. 

COLFAX  EXPERIMENT  VINEYARD. 

The  Colfax  Experiment  Vineyard  was  established  in  the  spring  of 
1906,  on  the  property  of  Mr.  Louis  Cortopassi,  in  the  Sierra  Nevada, 
2,412  feet  above  sea  level,  IJ  miles  southwest  of  Colfax,  Placer  Co., 
Cal.     (See  PL  U,  fig.  3.) 
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The  soil,  hilly,  usually  fairly  deep,  and  well  drained,  originated  in 
the  decomposition  of  the  Mariposa  formation,  consisting  of  dark  shales 
or  slates,  sandstones  or  quartzite  sandstones,  and  conglomerates. 
The  large  amount  of  iron  present  from  decomposing  volcanic-rock 
material,  where  exposed  to  perfect  weatheribag,  gives  the  soil  a  deep 
red  color.  Dark,  shallow,  conglomerate  rocks  sometimes  outcrop  in 
spots,  and  rock  fragments  occur.  The  first  few  inches  are  often  dark 
red  from  the  accumulation  of  organic  matter.  The  first  8  to  18  inches 
are  usually  brownish  red  clay  or  clay  loam,  underlain  by  3  to  6  feet  of 
red  clay  or  day  loam,  with  partially  decomposed  and  weathered  rock 
formations,  giving  the  subsoil  a  yellow  appearance. 

Rock  outcrops  of  conglomerates,  chert,  and  slate  occur  in  the  higher 
portions.  The  native  vegetation  is  manzanita,  chaparral,  live  oak 
and  yellow  pine. 

The  Colfax  district  is  unique  in  the  diversity  of  the  fruit  grown  on 
sidehin  locations. 

GEYSEBVILLE   EXFEBIMENT  YIKETARD. 

The  Geyserville  Experiment  Vineyard  was  established  in  the 
spring  of  1904,  on  the  property  of  John  D.  Bosch,  just  east  of  Geyser- 
vifle,  Sonoma  Co.,  Cal.,  against  a  range  of  high  hills  (PI.  Ill,  fig.  1), 
236  feet  above  sea  level.  To  a  depth  of  2^  to  3  feet  the  soil  consists 
of  a  uniform  dark  gravelly  loam  with  a  subsoil  of  light  or  yellowish 
brown  color,  similar  in  texture  to  the  topsoil.  The  soil  is  very  mel- 
low and  carries  considerable  humus,  which  enables  it  to  retain 
moisture  well.  This  type  of  soil  extends  over  considerable  areas 
along  the  streams  and  the  floor  of  the  Sonoma  Valley,  having  been 
washed  down  from  the  shale,  schist,  and  conglomerate  hills. 

Soils  of  this  type  produce  some  of  the  choicest  dry  wines,  both  red 
and  white,  of  the  State. 

LIVERMOBE   EXPERIMENT  VINEYARD. 

The  Livermore  Experiment  Vineyard  was  established  in  the  spring 
of  1904,  on  the  property  of  Mr.  C.  H.  Wente,  3  miles  south  of  Liver- 
more,  Alameda  Co.,  Cal.,  at  an  elevation  of  about  450  feet  above  sea 
level.  (See  PL  III,  fig.  2.)  The  vineyard  has  a  very  uniform,  level, 
alluvial  soil,  derived  from  decomposed  shales  and  schists,  and  is  full 
of  rounded  gravel  washed  down  from  the  surrounding  mountains. 

The  surface  soil  is  a  dark-brown  gravelly  loam;  the  second,  third, 
and  fourth  feet  gravelly  sandy  loam,  replaced  by  gravelly  sand  in 
the  fifth  foot.  The  humus  decreases  with  the  depth,  while  the  gravel 
increases,  varying  from  30  to  59  per  cent.  The  proportion  of  clay 
is  greater  than  that  of  silt.  This  gives  the  soil  a  very  heavy  appear- 
ance, the  gravel  sticking  together  very  tightly  when  dry  or  packed.  No 
alkali  exists,  but  groimd  water  is  encountered  at  5  or  6  feet  in  some 


Digitized  by 


Google 


8  BULLETIN  209,  U.  S.  DEPABTMENT  OP  AGRICULTXJBB. 

places.  These  soils  are  common  over  the  Livermore  Valley  and  pro- 
duce a  superior  white  wine  of  the  sauteme  type.  This  experiment 
vineyard  was  discontinued  on  July  1,  1914. 

LODI  EXPERIMENT  VINBTARD. 

The  Lodi  Experiment  Vineyard  was  established  in  the  spring  of 
1904,  on  the  Lawrence  &  Murray  property,  about  one-fourth  of  a 
mile  northeast  of  Lodi,  San  Joaquin  Co.,  Cal.,  about  56  feet  above 
sea  level.  (See  PI.  Ill,  fig.  3.)  A  large  body  of  this  soil  exists 
between  Lodi  and  Acampo. 

There  are  two  variations  on  the  plat.  Phase  No.  1  is  a  brown,  free, 
sandy  loam,  underlain  below  4J  feet  by  a  more  adhesive  light-brown 
or  yeUowish  sandy  loam.  Occasional  iron  concretions  give  the  sub- 
soil a  mottled  color.  The  soil  has  good  capillarity  and  the  water 
table  occurs  at  5  to  6  feet.  Phase  No.  2,  an  adhesive  sand,  was 
formed  by  an  old  stream  channel.  This  is  light-brown  sand  to  a 
depth  of  3  feet,  the  subsoil  water-washed  sand,  much  looser  in  tex- 
ture and  lighter  in  color,  and  dry  to  a  depth  of  more  than  6  feet,  as 
the  soil  textxire  is  too  loose  to  exert  much  capillary  force.  There 
is  no  hardpan  or  alkali.  The  soils  are,  however,  deficient  in  lime; 
otherwise,  they  are  very  productive,  comparatively  level,  unirri- 
gated,  and  easily  tilled.  This  locality  is  well  known  for  its  table 
grapes  and  as  a  table-grape  shipping  point. 

MOUJITAIN  VIEW  EXPERIMENT  VINETARD. 

The  Mountain  View  Experiment  Vineyard  was  established  in  the 
spring  of  1904,  on  the  property  of  Mrs.  Caroline  Distel,  2  miles  west 
of  Moimtain  View,  on  the  west  side  of  the  Santa  Clara  Valley,  76  feet 
above  sea  level.     (See  PI.  IV,  fig.  1.) 

The  soil  is  a  gravelly  Placentia  sandy  loam.  The  first  12  inches 
is  a  dark-brown,  gravelly  sandy  loam,  dark  from  humus;  below  this, 
to  4  feet,  the  subsoil  becomes  redder,  sandier,  and  more  gravelly 
until  sand  is  encountered.  It  is  well  drained,  but  inclined  to  become 
too  dry  in  summer  and  fall.  The  surface  soil  at  times  becomes  quite 
compact,  and  when  plowed  breaks  up  into  hard  clods.  When  tilled 
at  the  right  time  it  works  into  a  very  mellow  condition.  These  soils 
are  from  washings  of  granitic  sandy  shales  and  schist  rocks.  Before 
the  destruction  of  vineyards  by  phylloxera  and  other  agencies  the 
Santa  Clara  Valley  was  the  banner  dry-wine  producing  section  of 
California.  The  following  areas  of  Placentia  sandy  loam  have  been 
surveyed  in  California:  San  Jose,  61,500;  lower  Salinas,  74,000;  Los 
Angeles,  66,000;  San  Bernardino,  87,000;  San  Gabriel,  48,800;  and 
Santa  Ana,  16,800  acres.  Soils  of  this  series  occur  through  the  coast 
range  6f  mountains  from  San  Francisco  to  the  Mexican  line,  occupy- 
ing undulating  portions  of  valleys  close  to  the  hills.  The  Mountain 
View  Experiment  Vineyard  was  discontinued  on  July  1,  1912. 
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FiQ.  1.— Oakville  Experiment  Vineyard. 


FiQ,  2.— Fresno  Experiment  Vineyard. 


Fig.  3.— Guasti  Experiment  Vineyard. 
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Fia  I.-Chico  Varietal  Vineyard. 


FiQ.  2.— Brawley  Experiment  Vineyard. 


FiQ.  3.— Colfax  Experiment  Vineyard. 
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Fia  3— LoDi  Experiment  Vineyard. 
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Plate  IV- 


FiG.  1.— Mountain  View  Experiment  Vineyard. 


FiQ.  2.— Sonoma  Experiment  Vineyard. 


Fig.  3.— Stockton  Experiment  Vineyard. 
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SONOMA  EXPERIMENT  VINETARD. 

The  Sonoma  Experiment  Vineyard  was  established  in  the  spring  of 
1904,  on  the  property  of  the  Gundlach-Bundschu  Wine  Company, 
about  2  miles  south  of  Sonoma,  Sonoma  Co.,  Cal.,  about  110  feet 
above  sea  level.  (See  PI.  IV,  fig.  2.)  The  soil  is  of  rather  poor 
quality,  and  to  a  depth  of  8  or  10  inches  is  a  gray  loam  more  easily 
tilled  than  its  texture  indicates.  The  subsoil  to  6  feet  or  more  in 
depth  is  clay,  changing  at  4  feet,  with  an  increase  of  sand,  from  a 
light-brown  to  a  yellowish  brown  color.  The  soil  is  found  near  where 
weathered  shales  from  the  surrounding  hills  have  been  partially 
broken  down  and  transported  into  the  valleys,  where  they  decom- 
pose. The  soil  usually  occupies  small,  imdulating  ridges,  or  eleva- 
tions, and  is  surroimded  by  the  dark-brown,  alluvial  clay  loam  of  the 
valley  floor.  The  surface  drainage  is  good,  and  no  injurious  quan- 
tity of  alkali  exists.  This  soil  occupies  extensive  areas  in  the  Sonoma 
VflJley  and  in  the  adjacent  bay  regions  and  produces  superior  white 
wines  of  the  Riesling,  Chasselas,  and  Traminer  types. 

STOCKTON   EXPERIMENT  VINEYARD. 

The  Stockton  Experiment  Vineyard  was  established  in  the  spring 
of  1907,  on  the  property  of  the  San  Joaquin  Valley  Realty  Company, 
a  little  over  a  mile  southeast  of  Stockton,  about  15  feet  above  sea 
level,  on  Stockton  clay-loam  adobe.  (See  PI.  IV,  fig.  3.)  This  type, 
locally  known  as  black  adobe,  was  laid  down  in  a  swamp  or  tidal  marsh 
in  quiet  water,  the  decomposing  vegetation  giving  it  a  black  color.  1 1 
is  a  clay  loam  in  texture,  adhesive  and  sticky  when  wet  and  very  hard 
when  dry,  cracking  into  large,  cubical  blocks  full  of  small,  cubical 
fractiu'es.  Sufficient  rain  slacks  the  clods  readily.  Cultivated  when 
neither  too  wet  nor  too  dry,  the  soil  is  friable  and  pulverizes  well. 
The  subsoil  is  a  light-yellow  silt  loam,  usually  separated  from  the 
surface  soil  at  a  depth  of  2^  feet  by  a  thin  stratum,  about  one-half 
inch  thick,  of  rather  soft  marly  or  calcareous  hardpan,  which  is  not 
always  continuous  and  is  often  broken  or  disintegrated.  Roots  and 
water  readily  penetrate  the  subsoil,  often  passing  through  the  hard- 
pan.  The  depth  to  the  water  table  varies  from  3^  to  6  feet  for  wet 
seasons  and  from  6  to  10  feet  for  dry  seasons.  This  variation  is 
influenced  by  a  thin,  marly  hardpan  which  appears  to  hold  the  water 
down  under  pressure.  It  is  somewhat  difficult  to  establish  vineyards 
on  these  soils,,  but  when  established  they  are  very  productive  and  last- 
ing. Grapes  for  diverse  purposes  are  grown  on  them.  One  of  the 
largest  sweet-wine  establishments  in  the  world  is  located  near  Stock- 
ton, and  heavy  shipments  of  table  grapes  grown  on  these  soils  are 
made.  Soils  of  this  type  have  been  mapped  inCaUfomia  as  follows: 
Stockton,  63,312;  Hanford,  5,470;  andl^'resno,  5,664  acres.  It  cov- 
ers many  thousand  acres  between  the  Marysville  Buttes  and  about 
North  Durham  in  the  Sacramento  Valley. 
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ACREAGE  IN  THE  EXPERIMENT  VINEYARDS  IN  CALIFORNIA. 

Tho  plantings  and  graftings  in  the  California  experiment  vineyards 
now  comprise  the  areas  shown  in  Table  I. 

Table  I. — Size  of  the  twelve  experiment  vineyards  in  Calif omia  of  the  Bureau  of  Plant 
Industry  arid  nmriber  of  varieties  planted  in  earn. 


Area. 

Number  of  varieties. 

Vineyard. 

Area. 

4 

Number  of  varieties. 

Vineyard. 

Resist- 
ants 
and 
direct 
pro- 
duc- 
ers. 

Vinlfera. 

Resist- 
ants 
and 

direct 

duo- 
ers. 

Vinlfera. 

On 
their 
own 
roots. 

On  re- 
sistant 
stocks. 

On 
tiieir 
own 
roots. 

On  re- 
sistant 
sUxdcs. 

Brawley 

Acre*. 
2.1 
1.8 
3.6 
9 

1.2 
7 

"308* 
122 
187 
94 
83 

209 
"3i7 

........ 

74 
137 

1 

Acta. 
1.4 
3.3 
2 

16.6 
2 
1.4 

109 
112 
124 
306 
117 
91 

Chioo 

Lodl 

80 

Colfax       

Mountain  View 

Oakvllle 

963 

QeyserviUe 

anafftl 

Stoclcton 

GENERAL  PLAN  OF  PLANTINGS  IN  THE  EXPERIMENT  VINEYARDS. 

All  the  plantings  for  comparative  tests  and  study  are  made  in 

regular  checks  of  10  vines  of  each  variety,  and  all  the  larger  plantings 

of  resistant  varieties  are  grafted  in  regular  checks,  usually  of  10  vines 

each,  and,  where  only  preliminary  readings  are  desired,  the  number  of 

grafts  of  each  variety  put  in  have  been  a  divisor  of  10  in  a  check  of  10 

vines. 

PHENOLOGICAL  RECORDS. 

Each  vine  or  graft  receives  its  block,  row,  and  vine  number.  A 
complete  history  and  accurate  records  are  kept  of  all  varieties  from 
the  time  they  are  planted  or  grafted.  Their  behavior  is  closely  noted, 
detailed  descriptions  are  made  of  the  vines  and  their  respective  fruits, 
and  their  value  for  specific  uses  and  adaptability  to  dMFerent  condi- 
tions are  recorded.  Table  II  summarizes  the  climatic  observations 
made  at  the  different  vineyards. 

Table  II .— Temperature  and  rainfall  at  the  twelve  experiment  vineyards  of  the  Bureau  of 
Plant  Industry  in  California, 

MAxmuif  Temfebatubss  (*  F.). 


Vineyard. 


Brawley* , 

Cliloo 

Colfax 

Fresno 

OeyserviUe 

Guasti 

Livermore 

Lodl 

Mountain  View 

OakvlUe 

Sonoma 

Stockton 


Jan.  I  Feb. 


Mar. 


80 


Apr. 


106 
94 
86 
101 
102 
98 
95 
91 
94 
95 
91 


May. 


118 
104 
98 
110 
108 
101 
108 
104 
104 
106 
104 
102 


June.  July. 


116 
111 
110 
107 
116 
106 
108 
104 
106 
109 
109 
106 


115 
114 
107 
116 
116 
108 
113 
110 
111 
110 
106 
110 


Aug. 


112 
116 
106 
113 
110 
106 
107 
104 
99 
106 
101 
103 


Sept 


111 
106 
99 
106 
113 
105 
106 
106 
109 
110 
111 
104 


Oct. 


105 
96 
91 
96 

103 
96 
99 
91 
95 
96 
97 
90 


Nov. 


Dee. 


An- 


118 
lie 
110 
11$ 
116 
108 
108 
110 
111 
110 
111 
110 


» Data  for  four  years. 
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Table  II. — Temperature  and  rainfall  at  the  twelve  experiment  vineyards  of  the  Bureau 
of  Plant  Industry  in  Calif  omia — Continued. 


Mnmixnc  Tempkbatubeb  (*  F.). 

Vineyard. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

An- 

Bnwl«yi 

24 
18 
14 
24 
21 
28 
23 
22 
25 
20 
23 
24 

29 
20 
19 
26 
21 
26 
24 
24 
23 
24 
27 
24 

35 
25 
24 
30 
29 
30 
30 
30 
29 
25 
29 
32 

38 
30 
25 
34 
30 
32 
30 
33 
29 
26 
27 
36 

60 
33 
30 
40 
33 
36 
34 
38 
34 
30 
32 
40 

62 
40 
34 
42 
37 
39 
39 
43 
36 
34 
34 
40 

67 
46 
44 
61 
40 
42 
41 
46 
40 
32 
41 
48 

60 
48 
38 
52 
39 
42 
41 
44 
39 
34 
34 
42 

66 
40 
34 
42 
36 
44 
40 
40 
87 
35 
35 
42 

40 
34 
24 
36 
30 
39 
34 
31 
30 
27 
32 
36 

26 
21 
18 
31 
26 
30 
26 
26 
27 
26 
26 
26 

20 
22 
16 
24 
23 
26 
23 
21 
24 
17 
23 
20 

20 

SK^ 

18 

(Vi)f^x                   

14 

Frmo , . .. , 

24 

OenflrviQe 

20 

OOBSti 

26 

23 

LodL 

21 

MoontainVlew 

OtkriDe 

28 

17 

28 

Stockton 

20 

MSAN  Tbmpkratxtbss  (*  F.). 


Bnirle7> 

54.2 
46.3 
42.6 
47.6 
47.4 
49.9 
48.0 
46.6 
49.1 
46.4 
47.3 
45.7 

64.3 
49.6 
44.1 
60.9 
6a3 
5L7 
6L0 
49.4 
61.2 
48.3 

6ai 

48.8 

62.2 
53.0 
46.3 
65.4 
62.8 
64.7 
63.5 
63.1 
53.3 
5a4 
5L7 
62.5 

60.2 
68.9 
62.9 
6a8 
67.8 
58.3 
67.2 
67.6 
66.1 
55.1 
56.6 
66.9 

76.3 
65.3 
69.4 
66.4 
62.4 
6a7 
60.6 
63.0 
60.0 
69.7 
69.4 
62.1 

84.2 
73.0 
6&6 
74.5 
67.3 
67.2 
66.0 
68.8 
62.7 
64.1 
63.8 
68.3 

89.6 
79.4 
76.1 
81.8 
09.8 
76.2 
70.9 
72.9 
66.0 
66.8 
66.2 
73.2 

89.3 
77.5 
73.6 
80.2 
68.2 
73.2 
69.8 
70.6 
65.1 
66.8 
64.6 
71.1 

83.4 
7L4 
65.7 
73.1 
67.0 
69.9 
68.3 
67.0 
64.3 
65.1 
64.2 
67.8 

71.3 
63.9 
69.0 
64.4 
62.2 
64.4 
62.8 

6ao 

60.2 

oas 

60.6 
6L1 

6a9 
62.8 
6L6 
54.3 
53.9 
66.5 
54.6 
6L5 
54.0 
52.3 
52.9 
5L6 

61.1 
45.8 
43.6 
46.7 
47.7 
51.3 
48.8 
45.0 
48.1 
45.5 
46.3 
44.2 

70.4 

S?^^ 

61.4 

Colfkx 

56.9 

lywno. 

62.9 

O^ywrvflle 

68.9 

nS5l 

60.9 

Lirfnnore , . 

69.3 

Lodi 

58.8 

MomitainView 

Oikvme. 

67.4 
66.6 

BaiomI:::::::::.:.. 

66.8 

StofdrUm 

58.6 

Pbbcipitation  (Inches*). 

BftVlBT* 

cweo!!:.;..        . 

6.41 
13.12 
2.11 
11.08 
6.06 
4.56 
5.02 
4.47 
8.07 
6.80 
4.24 

3.77 
7.78 
1.30 
6.86 
4.30 
2.00 
2.68 
2.46 
4.42 
4.91 
2.12 

6.46 
11.02 
2.24 
9.49 
6.40 
3.76 
4.71 
4.46 
6.67 
6.02 
3.62 

L14 
3.00 
.77 
1.40 
1.29 
.66 
.80 
.80 
1.10 
.74 
.72 

0.96 

2.59 
.68 

1.30 
.93 
.67 

L66 
.64 
.78 
.87 
.68 

0.29 
.96 
.03 
.45 
.12 
.19 
.26 
.18 
.26 
.25 
.14 

T 

T 
.001 

T 
.02 

T 

T 

T 

T 
.34 

T 

a  01 

.002 

T 

T 

.01 

.03 

.003 

.04 

.01 

T 

.01 

1.03 
L14 
.30 
.96 
.44 
.31 
.40 
.62 
.78 
.82 
.48 

a79 

2.39 
.56 

1.89 
.56 
.43 
.56 
.61 
.77 
.83 
.42 

2.03 
4.98 

.72 
3.88 

.87 

.90 
1.14 

.96 
2.10 
2.75 

.99 

3.60 
6.39 
L26 
5.24 
3.14 
2.47 
2.94 
2.49 
3.96 
4.00 
2.31 

25.39 

fwSr 

53.36 

Vr^fno..  ..      

9.87 

OfyaenrlUe 

42.26 

Omstl. 

24.13 

urrairii: ::.:.:.. 

16.86 

Lodi 

20  06 

MoontalnVlow...... 

Ojkvffle. f.. 

17.42 
28.81 

28.33 

Stockton 

15.78 

«T-Traoe. 


>  No  data  available. 


1  Data  for  four  years. 

In  the  care  and  maintenance  of  the  CaUfomia  experiment  vine- 
yards and  in  prosecuting  researches  in  them,  Mr.  George  C.  Husmann, 
Pomologist  in  Charge  of  Viticultiiral  Investigations,  is  assisted  hy 
Mr.  Fred  L.  Husmann,  Viticultural  Superintendent,  and  Mr.  Richard 
Schmidt,  Assistant  in  Viticulture. 

DESTRUCTION  OF  VINEYARDS. 

In  Bulletin  172  of  the  Bureau  of  Plant  Industry  the  writer  gives 
an  account  of  the  havoc  wrought  by  the  phylloxera  insect  to  the 
vineyards  of  the  Old  World  as  well  as  to  those  of  the  Vinifera  regions 
of  this  country.  Since  that  bulletin  was  issued  additional  heavy 
loBses  have  occurred. 

The  destruction  in  California  of  once  flourishing  vineyards  cover- 
ing more  than  200,000  acres,  through  the  so-called  C^fomia  vine 
disease  and  other  agencies,  but  most  largely  through  phylloxera,  has 
steady  occurred.    All  that  has  been  suggested  to  combat  and  eradi- 
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cate  the  phylloxera  has  been  tried  in  this  and  other  countries,  but  it 
is  conceded  that,  with  the  exception  of  vineyards  which  can  be  flooded 
cheaply  and  suflBciently  to  kill  the  insect,  the  only  way  successfully  to 
reestabUsh  Vinifera  vineyards  is  by  growing  the  vines  on  phylloxera- 
resistant  stocks. 

FACTORS  IN  RESISTANCE. 

The  resistance  of  vines  to  phylloxera  depends  upon  two  factors: 
(1)  The  inherent  resistant  character  of  the  vine  and  (2)  its  adaptation 
to  soil,  climatic,  and  other  conditions. 

The  inherent  or  natural  characteristics  of  the  plant  repel  or  invite 
the  attacks  of  the  phylloxera.  The  number  of  swellings,  nodosities, 
and  tuberosities  from  insect  punctures  and  the  rotting  of  the  root 
occasioned  by  them  progress  more  or  less  rapidly  and  deeply  in 
accordance  with  the  texture  and  character  of  the  root  attacked. 
The  weakening  and  ultimate  death  of  the  vine  are  determined  by  the 
extent  of  the  punctures  and  the  progress  of  the  rot  upon  the  roots. 

The  nodosities  rot  more  or  less  rapidly  in  the  dilBferent  grape  species. 
In  the  Vinifera  they  are  larger  and  usually  rot  in  a  very  short  time. 
In  the  American  species  the  nodosities  are  smaller  and  do  not  rot  so 
quickly,  various  species  dilBfering  in  this  respect.  The  number  of 
nodosities  varies  greatly  on  the  different  vine  varieties,  and  when  the 
insects  have  multiphed  sufficiently  to  cover  the  smaller  rootlets  with 
them,  eventually  the  larger  roots  are  attacked,  and  if  cancerous 
patches  of  decomposition  are  found  on  the  more  developed  roots 
tuberosities  occur. 

Some  varieties  have  nodosities  on  practically  all  rootlets,  while 
some  of  the  American  species  are  not  injured  by  th^  phylloxera 
except  that  a  few  nodosities  form  on  their  roots.  In  fact,  the 
resistant  ratings  of  different  species  are  based  on  a  determination  of 
the  relative  number  and  size  of  the  nodosities  found  on  their  roots. 

In  order  to  indicate  with  some  degree  of  definiteness  the  resistance 
to  phylloxera  (not  the  value  of  the  stock),  scientists  have  provision- 
ally adopted  an  arbitrary  scale  of  ratings.  In  this  scale  the  maximum 
of  resistance  or  immunity  is  taken  as  20,  while  absence  of  resistance 
(or  no  resistance)  is  reckoned  as  zero. 

The  necessary  degree  of  resistance  for  the  production  of  good  crops 
varies  with  the  character  of  the  soil,  stocks  rating  above  16  being 
considered  sufficient  for  all  soils,  14  to  16  for  fairly  good  soils,  and  10 
to  14  for  rich,  moist,  sandy  soils. 

•  ADAPTATION  TO  SOIL,  CLIMATIC,  AND  OTHER  CONDITIONS. 

The  ability  of  a  vine  to  withstand  or  resist  the  attacks  of  the 
phylloxera  without  serious  injury  is  greatly  influenced  by  the 
adaptability  of  the  vine  to  the  climatic  and  soil  conditions  und^r 
which  it  is  grown.  These  may  increase  or  diminish  the  vigor  of  the 
plant,  retard  or  favor  the  reparation  of  the  insect  injuries,  and  aflTect 
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the  resistance  of  the  plant  by  favoring  or  hindering  the  dissemination 
or  activity  of  the  insect.  For  instance,  climatic  conditions  affect  the 
multiplication  of  the  insect  and  it  can  travel  but  little  in  sandy  soils 
of  a  certain  fineness.  Then  again,  a  variety  which  in  one  locality  has 
splendid  resistant  qualities  perishes  in  another  locality  having  a 
similar  soil  but  a  different  climate  or  in  another  locality  having 
a  similar  climate  but  a  different  soil. 

This  is  due  to  the  fact  that  some  species  are  adapted  to  moist  soils, 
while  others  are  variously  adapted  to  dry  soils,  deep  soils,  or  shallow 
soils,  and  also  to  the  fact  that  the  root  systems  of  different  species 
vary  in  habit  of  growth,  some  assiuning  a  horizontal  and  others  a 
vertical  position;  some  roots  are  thick  and  fleshy  and  others  small 
and  wiry;  some  are  soft,  while  others  are  firm.  (See  PI.  V.)  Thus,  a 
moisture-loving  variety  or  one  having  a  horizontal  root  system  would 
not  thrive  in  a  dry,  hot  climate;  neither  would  a  variety  with  a  deep 
root  system  thrive  in  a  shallow,  hard  soil,  or  one  adapted  to  a  dry  loca- 
tion thrive  in  a  wet  soil.  For  such  reasons,  a  variety  grown  under 
congenial  soil  and  climatic  conditions  will  often  prove  more  resistant 
than  one  of  greater  natural  resistance  grown  under  adverse  soil  and 
climatic  conditions. 

Resistance  to  phylloxera  is  also  influenced  by  the  congeniality 
existing  between  vine  varieties  when  grafted  on  other  vine  varieties. 
Causes  like  these,  and  there  are  many  others,  affect  the  resistant 
qualities  of  vines,  and  it  is  with  the  study  of  the  adaptation  of 
varieties  to  varying  conditions  and  the  congeniality  existing  between 
vine  varieties  that  the  researches  reported  in  this  bulletin  are  par- 
ticularly concerned. 

The  European  work  in  the  selection  and  breeding  of  resistant 
stocks  has  been  determined  largely  by  the  necessity  that  such  stocks 
be  adapted  to  calcareous-soil  conditions  rarely  encountered  in  the 
present  Vinifera  regions  of  this  coimtry.  This  renders  it  necessary 
for  us  to  imdertake  our  own  researches  and  determinations.  The 
varying  soil,  climatic,  and  other  conditions  in  California  make  the 
sel^ting  of  the  right  grape  species  in  the  reestablishing  of  vineyards 
on  resistant  stocks  rather  a  complex  matter. 

Of  the  23  species  of  grapes  native  to  North  America,  the  14  shown 
in  Table  III  have  been  found  sufl^ciently  resistant  to  merit  the 
attention  of  the  viticulturist,  and  they  are  under  test  in  the  experi- 
ment vineyards  of  the  United  States  Department  of  Agriculture. 

Table  III  shows  their  natural  habitat,  the  locations,  sites,  and  the 
diaracter  of  soil  they  prefer,  the  habits  of  the  vines,  their  relative 
season  of  leafing  (Pis.  VI  and  VII),  their  root  systems  (PI.  V),  the 
flowering  and  ripening  of  their  fruit,  the  ease  or  difficulty  of  propagat- 
ing them,  their  suitability  for  either  bench  or  field  grafting,  and  their 
relative  resistance  to  phylloxera,  cold,  dampness,  heat,  and  drought. 
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HYBRIDS. 

In  the  attempts  to  secure  resistants  suited  to  soil,  climatic,  and 
other  conditions  which  at  the  same  time  would  prove  congenial; 
lasting,  and  productive  stocks  on  which  to  graft  the  Vinifera  varie- 
ties, many  diflSculties  were  encountered.  For  instance,  the  stock 
may  be  adapted  to  the  soil,  but  it  may  be  so  hard  to  root  as  to  make 
its  commercial  use  impracticable.  Again,  the  stock  may  be  suited 
to  the  soil  and  it  may  root  easily  and  be  resistant,  but  not  congenial 
to  or  make  a  lasting  junction  with  Vinifera  varieties;  or  the  congeni- 
ality of  the  variety  may  be  good,  but  the  fruitfulness  of  the  graft 
may  be  impaired. 

In  many  cases  also  no  resistant  species  are  exactly  suited  to  the 
soil  and  climatic  conditions.  To  overcome  such  difficulties  and 
others  of  like  nature,  hybrids  have  been  and  are  being  produced,  in 
the  breeding  of  which  such  of  the  native  American  species  were 
selected  as  possess  the  various  qualities  desired.  (See  Pis.  VIII  and 
IX.)  In  this  work  some  remarkable  successes  have  been  achieved, 
such,  for  instance,  as  Riparia  X  Rupestris,  No.  101;  Riparia  X  Rupes- 
tris,  No.  3306;  Riparia  X  Rupestris,  No.  3309;  Soloms  x  Othello, 
No.  1616;  Rupestris  x  Cordifolia,  Nos.  107-11;  Riparia  x  (Cordi- 
folia  X  Rupestris),  Nos.  106-8;  Rupestris  X  Berlandieri,  No.  301  A; 
Berlandieri  X  Riparia,  No.  420A;  and  Monticola  X  Riparia,  No. 
18808. 

Efforts  have  also  been  made  to  produce  hybrids  between  the 
Vinifera  and  American  native-grape  varieties  which  would  be  resist- 
ant to  phylloxera  and  at  the  same  time  give  satisfactory  crojys  of 
fruit  of  desirable  character  and  quality.  (See  PI.  X,  fig.  2.)  By 
having  such  direct  producers,  the  cost  of  grafting  would  not  only  be 
avoided,  but  congeniality  would  not  have  to  be  reckoned  with.  Some 
remarkable  strides  are  being  made  along  this  line.  A  number  of 
these  hybrids  are  under  test  in  the  experiment  vineyards,  but  so  far 
it  is  not  possible  to  say  that  any  of  them  are  better  than  or  equal  to 
some  of  our  finer  varieties  of  native  American  grapes  or  that  they 
have  as  good  phylloxera-resistant  qualities. 

GROWTH  RATINGS  OF  RESISTANT  VINES  AND  DIRECT  PRODUCERS. 

In  Table  IV  the  upper  numbers  after  each  name  in  the  columns 
headed  ''Experiment  vineyard"  show  the  years  when  the  vines  were 
planted;  the  lower  numbers  show  the  growth  ratings,  which  in  all 
cases  were  made  in  the  autumn  of  1913. 

The  growth  or  adaptability  of  each  variety  at  each  vineyard  where 
it  is  under  test  is  expressed  in  the  form  of  a  percentage  rating  on  a 
scale  in  which  the  growth  of  the  variety  under  conditions  for  which  it 
is  well  adapted  is  taken  as  the  standard  of  excellence,  100  per  cent. 


Digitized  by 


Google 


But.  209,  U.  S.  Dept.  of  Agriculture. 


Plate  V. 


Various  Types  of  Grape  Root  Systems. 

Fig.  l.—Roots  of  the  fleshy  type.    Fig.  2.— Roots  of  the  shallow  or  spreading  type.    Fig.  3.— Roots 
of  the  deep-strikhig  type.    Fig.  4.— Roots  of  the  oblique  type. 
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I 


Leaves  of  Four  Native  American  Species  of  Grapes  Used  as  Stocks  on  Which 
TO  Graft  Vinifera  Varieties. 

Fio.  l.—Vitia  champinL  upper  and  lower  side  of  leaf,  one-fourth  natural  size.  Fig.  2.—VUi9 
doaniania,  upper  and  lower  side  of  leaf,  one-sixth  natural  size.  Fio.  Z.—Viti8  eandicans,  upper 
and  lower  side  of  leaf,  one-fourth  natural  size.  Fia.  4.—VUis  berUmdierif  upper  and  lower  side 
of  leaf,  one-sixth  natural  size. 
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Leaves  of  Four  Native  American  Species  of  Grapes  Extensively  Used  as  Stocks 
ON  Which  to  Graft  Vinifera  Varieties. 

Fig.  l.—VUiarupeMTiSy  am>er  and  lower  side  of  leaf,  one-fourth  natural  size.  Fiq.  2,—VUi8  aestivalis, 
apptf  and  lower  side  of  leaf,  one-fourth  natural  size.  Fiq.  3. — Vitis  Wtrusca,  upper  and  lower  side 
01  leaf,  one-seventh  natural  size.  Fio.  4.— Vitis  riparia,  upper  and  lower  sloe  of  leaf,  two-flfths 
natural  size. 
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Leaves  of  Four  Grape  Hybrids  Used  as  Stocks  on  Which  to  Graft  Vinifera 

Varieties. 

Fig  .  1.— Monticola  X  Riparia  No.  18S08,  upper  and  lower  side  of  leaf,  one^ixth  natural  size.  Fig.  2.— 
Cordifolia  X  Riparia  No.  125-1,  upper  and  lower  side  of  leaf,  one-eighth  natural  size.  Fig.  3.— Ber- 
landieri  X  Riparia  No.  420A,  upper  and  lower  side  of  leaf,  one-sixth  natural  size.  Fio.  4. — Linse- 
comii  X  (Labnisca  X  Vinifera),  upper  and  lower  side  of  leaf,  one-eleventh  natural  size. 
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Leaves  of  Four  Grape  Hybrids  Originated  in  France  and  Extensively  Used  as 
Stocks  on  Which  to  Graft  Vinifera  Varieties, 

Fig.  1.— Biparia  X  Rupestrls  No.  3306,  upper  and  lower  side  of  leaf,  one-eighth  natural  size. 
Fig.  2.— MourvBdre  X  Rupestris  No.  1202,  upper  and  lower  side  of  leaf,  five-sixteenths  natural 
siie.  Fio.  3.— Kiparia  X  Kupestris  No.  101,  upper  and  lower  side  of  leaf,  flve-fourteentlis  natural 
sixe.    Fig.  4.— Riparia  X  Rupestrls  No.  3309,  upper  and  lower  side  of  leaf,  one-third  natural  size. 
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Plate  X. 
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These  adaptability  ratings  therefore  represent  the  behavior  of  each 
variety  under  the  conditions  existing  at  the  several  vineyards  ex- 
pressed in  terms  that  permit  comparison  with  its  behavior  elsewhere. 
They  are  not  based  on  a  comparison  with  other  varieties  in  the  same 
vineyard.  Each  variety  is  therefore  rated  on  a  scale  based  on  its 
own  standard  of  excellence  rather  than  on  any  arbitrary  scale  for- 
mulated for  application  to  all  varieties.  It  is  believed  that  this 
method  renders  possible  a  truer  expression  of  the  reaction  of  each 
variety  to  different  soil  and  climatic  conditions  than  would  be  pos- 
sible by  using  any  arbitrary  scale  of  measurement  of  growth. 

To  illustrate,  Aramon  X  Rupestris  Ganzin,  No.  2,  planted  at  each 
of  three  experiment  vineyards  in  1904,  at  Fresno  was  rated  97;  at 
livermore,  83;  and  at  Lodi,  only  46.  This  shows  that  at  Fresno 
the  growth  was  very  satisfactory,  and  it  was  therefore  rated  at  97.  At 
Livermore  the  growth  was  good,  but  not  nearly  so  good  as  at  Fresno; 
it  was  therefore  rated  at  83.  At  Lodi  it  made  a  very  poor  growth, 
which  as  compared  with  the  growth  made  at  Fresno  was  as  46  to  97, 
or  when  compared  to  perfect  growth  as  46  to  100,  i.  e.,  46  per  cent. 

Table  IV. — Resistant  and  direct-producing  varieties  of  grapes  in  eleven  experiment 
vmeyards  in  California^  showing  the  year  of  planting  in  each  vineyard  and  the  relative 
growth  rating. 


Variety. 


Adobe  Giuit: 

Yeex  of  planting. 
Growth  rating. 


(AcBtiTalis  X  Montioola)  X  (Ripa- 
ria  X  Rup«8tris,  No.  554-5): 

Year  of  planting 

Growth  rating 

(Aestivalis  X  Rupestris)  X  Ripa- 
ria.  No.  227: 

Year  of  planting 

Growth  rating 

Aramon  x  Rupestris  Ganzin,  No.  1: 

Year  of  planting 

Growth  rating 

Aramon  X  Rupestris  Ganzin,  No.2: 

Year  of  planting 

Growth  rating 

Aramon  X  Rupestris  Gansin,No.9: 

Year  of  planting 

Growth  rating 

Aramon  X  Ripartti,  No.  143A: 

Year  of  planting 

Growth  rating 

Arizonica  Phoenix: 

Year  of  planting 

Growth  rating 

Australis: 

Year  of  planting 

Growth  rating 

Barnes: 

Year  of  planting 

Growth  rating 

Beriandieri^NoTT: 

Year  of  planting 

Growth  rating 


Experiment  vineyard. 


1W6 


1906 
96 


1906 
82 


1907 
99 


1907 
93 


1906 


1912 
20 


1906 
91 


1906 
93 


1906 


1906 
93 


1906 

87 


1906 
94 


1906 
93 


1906 
90 


1906 


1906 
81 


1903 
85 


1904 


1913 


1904 
97 


1904 
95 


1904 
96 


1903 
97 


1903 
94 


1904 


1904 
85 


1904 
92 


1904 

98 


1904 
97 


1904 
71 


1904 
92 


1904 
85 


1907 
87 


1905 
94 


1907 
96 


1904 
96 


1904 


1904 


1904 


1907 

87 


1904 
92 


1904 
98 


1904 
46 


1905 
94 


1904 
90 


2-« 


1905 
81 


1904 
93 


1904 


1904 
67 


1907 
60 


1907 
51 


85756**— Bull.  209—15- 


1904     1904     1904 
60        72         78 
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1903 
90 


1904 
95 


1905 
95 


1904 
98 


1904 
98 


1904 
78 


1904 

87 


1903 
89 

1903 


1904 
83 


1907 
90 


1904 


1905 


1904 
90 


1904 
92 


1904 
94 


1904 
92 


1904 
84 


1907 
87 


1908 


1908 


1908 


1907 
95 


1907 
95 


1908 


1907 
91 
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Table  IV. — Resistant  and  direct-producing  varieties  of  grapes  in  eleven  experiment 
vineyards  in  California  j  showing  the  year  of  planting  in  each  vineyard  and  the  relative 
growth  rating — Continued. 


Variety. 


Experiment  vineyard. 


1 

00  OQ 


Berlandieri,  No.  2: 

Year  of  planting 

Growth  rating 

Berlandieri  Lafont,  No.  9: 

Year  of  planting 

Growth  rating 

Berlandieri  X  Riparia,  No.  33 
£.  M.: 

Year  of  planting 

Growth  rating 

Berlandieri   X    Riparia,   No.   34 


^o.  157-11: 


So.  420A: 


!^o.420B: 
is*,*No!ibi) 


urowin  raiuig 

Cabernet  X  Berlandieri,  No.  333: 

Year  of  planting 

Growth  rating 

Cabernet  X  Rupestris  Oanzin,  No. 
33  A: 

Year  of  planting 

G  rowth  rating 

Chasselas  X  Berlandieri,  No.  41B: 

Year  of  planting 

Growth  rating 

(Chierea  X  Rupestris)  X  Riparia, 
No.  229: 

Year  of  planting 

Growth  rating 

Columbaud  X  Riparia,  No.  2502: 

Year  of  plantmg 

Growth  rating 

Columbaud  X  Rupestris: 

Year  of  planting 


1906 

89 


1906 

88 


1907 
92 


1906 
90 


1907 


1907 
97 


1912 
10 


1906 
95 


1906 
79 


1906 
83 


1906 
90 


1906 


1907 
95 


1907 
90 


1909 
85 


1906 
90 


1906 


1906 
99 


1904 
65 


1904 
71 


1904 
77 


1903 
87 


1904 
81 


1903 
93 


1904 
85 


1913 
91 


1903 


1904 
91 


1904 
81 


1905 
87 


1904 


1906 
76 


1904 
93 


1905 


1905 
66 


1904 


1904 
91 


1904 


1904 
75 


1907 

85 


1905 
91 


1907 
93 


1904 
91 


1904 
93 


1904 
94 


1907 

85 


1910 
33 


1907 
85 


1905 
91 


1904 

77 


1904 

87 


1901 
76 


1904 
93 


1907 
87 


1904 
82 


n*Mnr*k   m»*U%., 


1907 
74 


1907 
94 


1907 

86 


I,  No.  126-1: 
ffa: 


uruwin  rating 
Hotporup: 

Year  of  planting 

^Growth  rating 

Judee:      ^ 

Year  of  planting 

Growth  rating. 
Lenoir:         

Year  of  planting... 

Growth  rating...   

Monticola  X  Riparia,  No.'swi 

Year  of  planthig 

Growth  rating. . .'.'.'.'.'.',',',[ 


1907 
79 


1906 
90 


1906 
89 


1906 
97 


1907 
97 


1907 
94 


1906 
96 


1906  1906 
85  ,   85 


1906  1906 
100    93 


1912  . 
40  1. 


1905 
96 


1904 
98 


1905 


1903 


1903 
83 


1903 


1904 

77 


1904 
88 


1905 
98 


19(M 
97 


1904 


1907 
77 


1904 
95 


1904 
82 


1905 
97 


1907 
84 


1905 
97 


1906 
81 


1905 


1904 
94 


1904 

84 


1906 
66 


1904 

86 


1904 
84 


1906 

84 


1904 
72 


1904 
70 


1904 
66 


1904 

75 


1904 

88 


1904 
64 


1907 


1909 
85 


1904 
86 


1904 
93 


1904  ' 

77 


1903  1907 
93  I   87  I 


1907 
74 


1907 
8S 


1904 
91 


1904 
83 


1904 


1904 
92 



1907 

82 

1903 

98 

1905 
92 

1907 
87 

1<W)4 

88 

i9a'> 

94 

1903 
94 

84 

1901 
92 

1905 
72 

1906  1907  i  1907 
87    84    91 


1907 


1905 
90 


1904  )  1907 


1903 
96 


1904 
99- 


1904 
95 


1905 
60 


1904  1904 
94  ,   98 


19(M  !  1904 
93  I   74 


1907  '  1907 
80 


1903 
97 


1907 

90  I 


1906 
8 


1907 
92 


1907 
96 


1907  ' 
84 


1904  1907 
97    8S 


1904 
96 


1903  1904 
90  ,   92 


1903  1907 

90    86 


1904  1903  1904  I  1907 

94  I   98    95  I   90 


1904  ;  1904  1904  1904  i  1907 
87  •   80  '   98    87  I   88 
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Table  IV. — JResistant  and  direct-pToducing  varieties  of  grapes  in  eleven  experiment 
vineyards  in  Cal^ofmia,  shotHng  the  year  of  planting  in  each  vineyard  and  the  relative 
growth  raft'n^— Continued. 


Experiment  vineyard. 

Variety. 

1 

1 

1 

i 

1 

3 

1 

d 

|| 

1 

1 

1 

MonticoU  X  R^mria,  No.  188W: 
Yf*r  of  pl«nt*ng 

1906 
95 

1907 
97 

1906 
96 

1906 
90 

1906 
93 

1906 
99 

1906 

84 

1906 
90 

1906 
92 

1906 
92 

1906 
97 

1907 
91 

1904 
94 

1904 
94 

1904 
95 

1903 
100 

1904 
98 

1906 
90 

1905 
90 

19(H 
95 

1906 
76 

1904 
98 

1906 
81 

1904 
91 

1904 

88 

1905 
90 

1906 
96 

1904 
97 

1906 
91 

1904 
81 

1904 
86 

1904 

86 

1904 
90 

19(M 
95 

1904 
89 

1904 
91 

1904 
93 

1903 

86 

1903 
100 

1906 
08 

1905 
95 

1903 
95 

1905 
94 

1904 
90 

1904 
98 

1903 

98 

1903 
66 

1904 
91 

1904 
93 

1904 
95 

1906 

88 

1904 
92 

1906 
80 

1907 

Qrowth  rating 

85 

ICoaticola  X  Riparia,  No.  18808: 
Year  of  planting 

1907 

Growth'ratlng." 

93 

MonticoU  X  Riparia,  No.  18815: 
YecM*  of  planting 

1908 

0  rp^tb 'racing . T. 

92 

tfotier: 

Year  of  planting 

1904 
81 

1904 
99 

1906 

88 

1905 
94 

Growth  rating .7 

Mourvedre  X  Rupestris,  No.  1202: 
Year  of  planting 

1907 

95 

ICourvedre  X  Rupestris,  No.  1203: 
Year  of  pluitmg 

Growth  rating 

Nbname,  No.  1: 

Year  of  planting 

Growth  rattog 

Noname^No.2: 

Yfifir  <kf  plAntfng 

■ 

Growth  V^HTig.7 

No  name.  No.  3:  " 

Year  of  planting 

Growth  rating 

Plnot  Booschet  X  Riparia,  No. 
3001: 
Year  of  planting 

1907 
91 

1907 
99 

1906 
90 

1906 
82 

1906 
51 

1906 
87 

1909 
56 

1906 
92 

1912 
60 

1907 
93 

1907 
89 

1906 
86 

1901 
96 

1909 
99 

1903 
94 

1903 
72 

1904 
97 

1903 
85 

1904 
92 

1907 
82 

1904 
96 

1907 

Growth  rating .T 

83 

Pinot  X  Rupestrb,  No.  1305: 

Year  of  planting 

1904 
03 

1904 
83 

1907 
89 

1907 

88 

1907 
82 

1907 
»t 

1905 
93 

19a'; 

85 

1904 
96 

1910 
85 

1906 
51 

1904 
74 

1904 
82 

1904 
82 

1904 
93 

1907 
92 

1904 
91 

1904 
79 

1907 
77 

1904 
82 

1904 
94 

1906 
94 

1904 
66 

1907 

Growth  rating. . 

94 

Ramsey;             " 

Year  of  planting 

Growth  rating.T 

Riparia  du  Colorado: 

Year  of  planting 

1904 
71 

1904 
86 

1904 
85 

1904 
89 

Growth  ratine 

Riparia  France: 

Year  of  planting 

1907 

87 

Riparia  Gloire: 

Year  of  plantfaig 

1904 
74 

1903 

88 

1903 
86 

1904 
86 

1906 
86 

1905 
89 

1904 
90 

1910 
92 

1904 
91 

1907 

Growth  ratine 

75 

Riparia  Grand  Giabre: 

Year  of  planting 

1907 

Growth  rating .1 

83 

Riparia  Martineau: 

Year  of  planting 

Growth  "rating.T 



^ 

Year  of  planting 

1905 
92 

Growth  rating .V 

R^iaria  Selected: 

Vf^r  of  p^nttpg , . . 

Growth  rating.T 

:::;::;::::  1 

Year  of  planting 

1906 
95 

1906 
88 

1906 
73 

1906 

1907 
91 

1906 
86 

1907 

87 

1904 
72 

1904 
65 

Growth  rAtifMr,^   ,    ,    . 

Rftwria  X  (Ciwaifolia  X  Rupes- 
trt>.  No.  106^: 
Year  of  planting 

1910 
93 

1904 
89 

1904 
95 

1904 
86 

1904 
76 

1904 
92 

IQTM 

1904 
85 

1904 
91 

1904 
97 

1904 
90 

1904 
01 

1907 

Growth  ratlog.T 

91 

Rtearia  Grand  Giabre  X  Aramon 
Rupestris,  No.  4110: 
Ytiir  of  planting 

Growth  rating.T 

Riparia  x  Rnpestris,  No.  101: 
Year  of  planting 

1904   

1904     1904 
93         89 

1907 

Growth  rating 

85        81  i 

96   91  1 

91 
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Table  IV. — Resistant  and  direct-producing  varieties  of  graws  in  eleven  experiment 
vineyards  in  Cal^omia,  showing  the  year  of  planting  in  eacn  vineyard  and  the  relative 
growth  rating — Continued. 


Experiment  vineyard. 

Variety. 

1 

1 

8 

Fn 

1 

O 

3 

^ 

s 

1^ 

1 

1 

QQ 

RIparIa  X  Rupestris,  No.  101-14: 
Year  of  planting 

1906 
92 

1906 
91 

1906 
89 

1906 
92 

1906 
92 

1906 
95 

1906 
90 

1906 
91 

1906 
94 

1904 
93 

1904 
74 

1904 
95 

1904 
94 

1904 
85 

1904 
90 

1904 
96 

1904 
97 

1906 
91 

1904 
95 

1905 
T2 

1907 
89 

1907 
88 

1904 
90 

1904 
77 

1904 
79 

1904 
98 

1904 
80 

1904 
94 

1904 
86 

1904 
91 

1904 

88 

1904 
94 

1904 
93 

1903 
92 

1905 
93 

1904 
91 

1904 
96 

1904 
77 

1903 
91 

1904 
96 

1906 
93 

1906 
91 

1903 
92 

1903 
97 

1903 
85 

1904 
92 

1905 

87 

1903 
100 

1903 
83 

1903 
92 

1904 
90 

1904 
93 

1904 
91 

1906 
91 

1904 
87 

1904 
89 

1907 

Growth  "ratfaiR." 

91 

Rlparia  X  Rupestris,  No.  3306: 
Year  of  planting. 

1907 

Growth  rating 

90 

Riparia  X  Rupestris,  No.  3309: 
Year  of  planting 

1907 

Growth  rating 

70 

Riparia  X  Rupestris,  No.  108-103: 
Year  of  planting 

1907 

Growth  rating 

83 

Riparia  X  Rupestris  de  Jaeger: 
Year  of  planting 

1909 
67 

1906 
99 

1906 

87 

1906 
95 

1907 
100 

1906 
86 

1906 
93 

1906 
92 

1906 
99 

1906 
91 

1906 
98 

1906 
99 

1906 
94 

1907 
75 

1907 
100 

1906 
92 

1906 
91 

1906 
91 

1909 
60 

1907 
86 

1907 
82 

1904 
95 

1907 
70 

1904 
93 

Growth  rating 

Riparia  X  (Rupestris  X  Aramon) 
Year  of  planting 

1904 
67 

1907 

Growth  ratlTig. 

96 

Riparia  X  Rupestris  Ramond: 
YAftr  of  plfvntingx 

Growth  rating 

Rupestris  des  Caussettes: 

Year  of  planting 

1906 
94 

1906 
90 

1903 
91 

1904 
96 

1904 
90 

1905 
92 

1904 
85 

1907 
96 

1904 
90 

1904 

78 

1907 
81 

1904 
89 

1907 

Growth  rating : 

90 

Rupestris  des  Semis,  No.  81-2: 
Year  of  planting 

1907 

Growth  rating 

88 

Rupestris  Ganxin:    . 

Year  of  planting 

Growth  rating 

Rupestris  le  Reux: 

Yecur  of  planting 

1906 
89 

1906 
79 

1905 
95 

Growth  rating 

Rupestris  Martin: 

Year  of  planting 

1907 
83 

1906 
92 

1906 
86 

1906 
92 

1906 
99 

1906 
90 

1906 
83 

1907 
94 

1907 
89 

1906 
96 

1907 
89 

1903 

n 

1003 
90 

1904 
79 

1904 

87 

1905 
96 

1903 
96 

1902 
82 

1903 
85 

1904 
90 

1904 
95 

1904 
95 

1904 
85 

1904 
92 

1904 
93 

1904 
88 

1907 
65 

1905 
92 

1904 
98 

1904 
88 

1904 
85 

1904 
92 

1904 
98 

1904 
87 

1903 
76 

1901 
8? 

1904 
74 

1904 
90 

1906 
89 

1904 
81 

1905 
82 

1904 
87 

1904 
86 

1904 
86 

1907 

Growth  rating 

89 

Rupestris  Metallica: 

Year  of  planting 

Growth  rating 

Rupestris  Mission: 

Year  of  planting 

1907 

Growth  rating 

81 

Rupestris  Othello: 

Year  of  planting 

1907 

Growth  rating 

81 

Rupestris  PillansT 

Year  of  planting 

1906 
83 

1904 
97 

1904 
85 

1904 
92 

1904 
94 

1905 
95 

1905 
95 

1905 
85 

1905 
93 

1904 
96 

1904 
91 

1905 
97 

1905 
80 

1904 
87 

1904 
73 

1907 
88 

1905 
87 

1907 
82 

1907 

Growth  rating.T 

87 

Rupestris  St.  George: 

Year  of  planting 

1907 

Growth  rating. 

97 

Rupestris  X  Berlandleri,  No.219A: 
Year  of  planting. .............. 

1907 

90 

Rupestris  X  Berlandieri,  No.  301 A : 
Year  of  planting 

1907 

Growth  rating.T 

81 

Rupestris  X  Berlandieri,  No.  301B: 
Year  of  planting 

G  rowth  rating 

Rupestris  X  Berlandleri,  No.  301- 
37-162: 
Year  of  planting 

1906 
84 

1904 
88 

1907 
98 

1904 
92 

Growth  rating 

Rupestris  X  Chasselas  Rose,  No. 
Yearofplanttog 

Growth  rating 

Rupestris  X  Cinerea: 

Year  of  planting 

1904 
90 

1907 
85 

1907 

Growth  rating 

9il 
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Tablb  IV. — Resistant  and  direct-produdng  varieties  of  grapes  in  eleven  experiment 
vineyards  in  CaHfamia,  showing  the  year  of  planting  in  each  vineyard  and  the  relative 
growth  rating — Continued. 


Variety. 


RapestrLi  X  C<yrdlfoIia,  No.  107-11: 

Year  of  planting 

Growth  rating 

Rnpestrb  X  (CordifollQ  X  Rupcs- 
tris).  No.  202: 

Year  of  planting 

Growth  rating 

Rnpatris  X  (CordiXolia  X  Rnpcs- 
tris).  No.  202-5: 

Year  of  planting 

Growth  rating 

Rnpestris  X  Hybrid  Atemar,  No. 

Year  of  planting 

Growth  rating. 

Rapeetiis  X  Petit  Bousehet,  No. 
S03: 

Year  of  planting 

Growth  rating 

Rapestrls  X  Petit  Bouscbet  Joe- 
etr.No.  5(M: 

Year  of  planting 

Growth  rathig 

Rnpestris  X  Rlparia,  No.  lOS-16; 

Year  of  nlanting 

Growth  rating 

Mt  Creek: 

Year  of  plantfaig 

Growth  rating 

SokmiB  Robnsta: 

Year  of  phuiting 

Growth  rating 

Solonis  X  (Cordifdiia  X  Rupcstris), 
No.  202-4: 

Year  of  planting 

Growth  rating 

Solonis  X  OtheUo: 

Year  of  planting 

Growth  rating 

Solonis  X  OtheUo.  No.  1613: 

Year  of  planting 

G rowtli  rating 

Solonb  X  Riparia>  No.  1615: 

Year  of  planting 

Growth  rating 

Soloois  X  Riparia,  No.  1616: 

Year  of  pinnting 

Growth  rating 

Taylor  Narbonne: 

Year  of  planting 

Growth  rating 

Texas: 

Year  of  planting 

Growth  rating 

Tinvand: 

Year  of  planting 

Growth  rating 

Vlria: 

Year  of  planting 

Growth  rating 

Viala  X  Rtoaria: 

Year  of  planting 

.  Growth  rating 

VltiBcandicam: 

Year  of  planting 

Growth  rating 


Kxperiment  vineyard. 


1906 
71 
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1906 
90 
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95 
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1903 
97 


1904 
69 


1904 


1905 
85 
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1904 
92 


1907 
92 


1904 
81 


1904 

84 


1905 
90 


1904 
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A  number  of  the  resistant-stock  varieties  have  been  growing  a 
sufficient  length  of  time  to  show  what  may  be  expected  of  them 
under  similar  conditions.  In  the  following  list  of  stocks  that  are 
worthy  of  special  mention  as  having  made  excellent  growth  ratings 
at  each  of  eleven  Cahfomia  experiment  vineyards,  the  varieties  are 
given  in  the  order  of  their  ratings,  i.  e.,  the  best  growers  first,  and 
so  on: 

Chico  Varietal  Vineyard. — Lenoir;  Rupestris  de  Semis,  No.  81-2;  Rupestris  X  Ber- 
landieri,  No.  301  A;  Ajramon  X  Rupestris  Ganzin,  No.  1;  Berlandieri  X  Riparia,  No. 
157-11;  Columbaud  X  Riparia,  No.  2502;  Rupestris  Metallica;  Rupestris  Pillaus; 
Solonis  X  Othello;  Soloms  X  Othello,  No.  1613;  Aramon  X  Rupestris  Ganzin,  No.  9; 
Rupestris  Othello;  Berlandieri  X  Riparia,  No.  420A;  Dog  Ridge;  Hotponip;  Monti- 
cola  X  Riparia,  No.  18808;  (Aestivalis  X  Monticola)  X  (Riparia  X  Rupestris,  No. 
554-5);  Barnes. 

Colfax  Experiment  Vineyard. — Rupestris  St.  George;  Mourvedre  X  Rupestris,  No. 
1202;  Dog  Ridge;  Solonis  X  Othello,  No.  1613;  Berlandieri  X  Riparia,  No.  420A; 
Riparia  X  Rupestris,  No.  3309;  Aramon  X  Rupestris  Ganzin,  No.  1;  Constantia; 
Rupestris  des  Caussettes;  Rupestris  X  Berlandieri,  No.  301B;  Adobe  Qiant;  Aramon 
X  Rupestris  Ganzin,  No.  2;  Lenoir;  Solonis  X  (Cordifolia  X  Rupestris),  No.  202-4; 
Solonis  X  Othello;  Monticola  X  Riparia,  No.  18815;  Motley;  Riparia  X  Rupestris, 
No.  101-14. 

Fresno  Experiment  Vineyard. — Mourvedre  X  Rupestris,  No.  1202;  Solonis  X  Othello, 
No.  1613;  Cordifolia  X  Riparia,  No.  125-1;  Aramon  X  Rupestris  Ganzin,  No.  2;  Aus- 
trails;  Riparia  France;  Constantia;  Rupestris  des  Semis,  No.  81-2;  Rupestris  Pillans; 
Rupestris  St.  George;  Solonis  X  Riparia,  No.  1615;  Aramon  X  Rupestris  Ganzin^ 
No.  9;  Monticola  X  Riparia,  No.  18815;  Riparia  X  Rupestris,  No.  101;  Riparia  X 
Rupestris,  No.  3309;  Barnes;  Monticola  X  Riparia,  No.  18804;  Monticola  X  Riparia 
No.  18808. 

Geyserville  Experiment  Vineyard. — Mourvedre  X  Rupestris,  No.  1202;  Aramon 
X  Rupestris  Ganzin,  No.  1;  Aramon  X  Rupestris  Ganzin,  No.  2;  Dog  Ridge;  Riparia 
X  Rupestris,  No.  3309;  Rupestris  St.  George;  Riparia  X  Rupestris,  No.  101;  Riparia 
X  Rupestris,  No.  3306;  Solonis  X  Othello;  Lenoir;  Rupestris  Martin;  Rupestris 
Metallica;  Taylor  Narbonne;  Rupestris  X  Berlandieri,  No.  301B;  Berlandieri  Lafont, 
No.  9;  Solonis  Robusta;  (Aestivalis  X  Monticola)  X  (Riparia  X  Rupestris,  No.  554-5); 
Australis. 

Guasti  Experiment  Vineyard. — Constantia;  Dog  Ridge;  Lenoir;  Barnes;  Rupestris 
Metallica;  Rupestris  PiUans;  Rupestris  St.  George;  Solonis  X  Othello,  No.  1613; 
Arizonica  Phoenix;  Mourvedre  X  Rupestris,  No.  1202;  Riparia  Gloire;  Riparia  Ra- 
mond;  Rupestris  des  Caussettes;  Solonis  Robusta;  Berlandieri  X  Riparia,  No.  420A; 
Pinot  X  Rupestris,  No.  1305;  Riparia  X  Rupestris,  No.  3306;  Rupestris  le  Reux. 

Lirermore  Experiment  Vineyard. — Mourvedre  X  Rupestris,  No.  1202;  Rupestris  St 
George;  Aramon  X  Rupestris  Ganzin,  No.  1;  Rupestris  des  Semb,  No.  81-2;  Monti- 
cola X  Riparia,  No.  18815;  Riparia  X  (Rupestris  X  Aramon)  Jaeger,  No.  201;  Dog 
Ridge;  Rupestris  Metallica;  Rupestris  Martin;  Rupestris  Pillans;  Riparia  X  Rupestris, 
No.  101;  Monticola  X  Riparia,  No.  18804;  Monticola  X  Riparia,  No.  18808;  Riparia  X 
Rupestris,  No.  101-14;  Solonis  X  Othello,  No.  1613;  Australis;  Aramon  X  Rupcetris 
Ganzin,  No.  9;  Cordifolia  X  Rupestris. 

Lodi  Experiment  Virieyard. — Aramon  X  Rupestris  Ganzin.  No.  1;  Riparia  X  Rupes- 
tris, No.  101-14;  Mourvedre  X  Rupestris,  No.  1202;  Riparia  X  Rupestris,  No.  101; 
Lenoir;  Motley;  Aramon  X  Rupestris  Ganzin,  No.  9;  Dog  Ridge;  Riparia  X  Rupestris, 
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No.  3309;  Rupeetiis  X  Cordifolia,  No.  107-11 ;  Berlandieri  X  Riparia,  No.420A;  Riparia 
X  (RupeBtris  X  Aramon)  Jaeger,  No.  201;  Rupestris  Metallica;  Rupestris  Pillans; 
(Aestivallfl  X  Monticola)  X  (Riparia  X  Rupestris,  No.  554-5);  Ramsey;  Rupestris 
Martin;  Salt  Creek. 

Mountain  View  Experiment  Vineyard. — Dog  Ridge;  Mourvedre  X  Rupestris,  No. 
1202;  Lenoir;  Monticola  X  Riparia,  No.  18804;  Aramon  X  Rupestris  Ganzin,  No.  1; 
Aramon  X  Rupestris  Ganzin,  No.  2;  Riparia  X  Rupestris,  No.  3306;  Motley;  Solonb 
Robusta;  Berlandieri  X  Riparia,  No.  420A;  Riparia  X  Rupestris,  No.  3309;  Rupestris 
X  Berlandieri,  No.  301A;  Solonis  X  Othello;  Riparia  X  Berlandieri,  No.  161^9; 
Rupestris  St.  George;  Rupestris  X  Berlandieri,  No.  301B;  Monticola  X  Riparia,  No. 
18808;  Monticola  X  Riparia,  No.  18815. 

OahvUle  Experiment  Vineyard. — Mourvedre  X  Rupestris,  No.  1202;  Rupestris  St. 
Geoige;  Solonis  X  Othello,  No.  1613;  Barnes;  Constantia;  Aramon  X  Rupestris  Ganzin, 
No.  1;  Aramon  X  Rupestris  Ganzin,  No.  2;  Berlandieri  X  Riparia,  No.  420A;  Lenoir; 
Monticola  X  Riparia,  No.  554;  Ramsey;  Solonis  X  Riparia,  No.  1616;  Dog  Ridge; 
Rupestris  Metallica;  Viala;  Rupestris  des  Semis,  No.  81-2;  (Aestivalis  X  Monticola) 
X  (Riparia  X  Rupestris,  No.  554-5);  (Aestivalis  X  Rupestris)  X  Riparia,  No.  227. 

Sonoma  ExperiTnent  Vineyard. — Dog  Ridge;  Lenoir;  Monticola  X  Riparia,  No. 
18815;  Solonis  X  Othello;  Aramon  X  Rupestris  Ganzin,  No.  9;  Monticola  X  Riparia, 
No.  18808;  Riparia  X  Rupestris,  No.  3306;  Aramon  X  Rupestris  Ganzin,  No.  2;  Aueh 
faahs;  Berlandieri  X  Riparia,  No.  420A;  Mourvedre  X  Rupestris,  No.  1202;  Monticola 
X  Riparia,  No.  18804;  Riparia  X  Rupestris,  No.  3309;  Riparia  X  Rupestris,  No. 
108-103;  Adobe  Giant;  Aramon  X  Rupestris  Ganzin,  No.  1;  Riparia  X  (Cordifolia  X 
Rupestris),  No.  106-8;  Riparia  X  Rupestris,  No.  101-14. 

Stockton  Experiment  Vineyard. — Rupestris  St.  George;  Constantia;  Aramon  X 
Rupestris  Ganzin,  No.  9;  Mourvedre  X  Rupestris,  No.  1202;  Riparia  X  Rupestris,  No. 
101-14;  Solonis  X  Othello,  No.  1613;  Solonis  X  Riparia,  No.  1616;  Monticola  X 
Riparia,  No.  18808;  Columbaud  X  Riparia,  No.  2502;  Monticola  X  Riparia,  No.  18815; 
Rupestris  X  Cinerea;  Barnes;  Riparia  X  (Cordifolia  X  Rupestris),  No.  106-8;  Riparia 
X  Rupestris,  No.  101;  Lenoir;  Riparia  X  Rupestris,  No.  3306;  Rupestris  des  Caus- 
eettes;  Rupestris  X  Berlandieri,  No.  219A. 

Table  V  gives  the  resistant  varieties  in  each  vineyard  which  are 
estimated  to  have  made  the  best  and  most  creditable  growth  records 
as  compared  to  all  the  varieties  under  test.  The  numbers  in  line 
with  each  name  in  the  vineyard  columns  show  the  relative  growth 
rating  made  by  the  variety  in  the  respective  vineyards  where  it  is 
under  test.  The  highest  rating  is  expressed  by  the  figure  1,  the 
next  by  2,  and  so  on.  The  ratings  therefore  represent  the  behavior 
of  each  variety  under  the  conditions  existing  at  the  several  vineyards, 
expressed  in  terms  that  permit  comparison  with  its  behavior  else- 
where, and  in  comparison  also  with  other  varieties  in  the  same 
vineyard.  To  illustrate:  Of  all  the  resistant  varieties  at  Livermore 
the  best  record  was  made  by  Mourvedre  X  Rupestris,  No.  1202 
(rated  as  1),  whereas  at  Stockton  it  was  fourth  best  (expressed  by 
4),  and  at  Sonoma  eleventh  best  (expressed  by  11). 
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Table  V.     ResL^itnnt-sfock  rarifties  of  graphs  making  the  best  growth  records,  showing 
their  rtfative  merits  in  each  of  t Inert  experiment  eineyards  in  California. 
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Table  VI  gives  an  alphabetical  list  of  improved  American  native 
and  Franco-American  grape  varieties  which  are  being  tested  on 
their  own  roots  in  the  Chico,  Colfax,  Fresno,  Geyserville,  Guasti, 
Livermore,  Lodi,  Mountain  View,  OakviUe,  Sonoma,  and  Stockton 
experiment  vineyards.  The  plantings  are  too  young  to  permit  the 
drawing  of  conclusions. 

Table  VI. —  Varieties  of  Airwriean  native  and  Franco- American  grapes  under  test  on 
their  ouii  roots  at  eleven  experiment  vineyards  in  dalifomia. 

(The  locations  of  the  tests  are  indicated  by  plus  (  +  )  marks.] 
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Tablb  VI. — Varieties  of  American  native  and  Franco-American  grapes  under  test  on 
their  own  roots  at  eleven  experiment  vineyards  in  California— -Continued. 
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Table  VI. — Varieties  of  American  native  and  Franco-American  grapes  UTider  test  on 
their  own  roots  at  eleven  experiment  vineyards  in  California — Continued. 
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To  grow  vines  on  resistant  stocks  successfully,  it  should  be  borne 
in  mind  that  the  resistance  of  vines  depends  upon  the  inherent 
characters  of  the  vine  and  its  adaptation  to  soU,  climatic,  and  other 
conditions,  and  that  the  resistant  quality  of  the  stock  is  very  mate* 
rially  affected  by  the  congeniality  of  the  varieties  grafted  on  it. 

CONGENIALITY  AND  ADAPTABILITY  OF  VINES. 

Two  vine  varieties  are  congenial  to  each  other  if  both  top  and 
root  flourish  when  one  is  grafted  on  the  other.  (See  PL  X,  fig.  1.) 
The  congeniaUty  would  be  called  perfect  when  one  variety  grafted 
on  another  behaves  as  if  the  stock  were  grafted  with  a  scion  of  itself, 
the  union  being  perfect  and  the  behavior  of  the  vine  the  same  as 
that  of  an  entire  ungrafted  plant 
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The  term  "congeniality"  as  used  in  this  discussion  is  limited  to 
the  relation  of  vine  varieties  to  the  resistant  stocks  upon  which  they 
are  grafted.  To  discriminate  properly  between  adaptabiUty  and 
congeniality  and  then  to  determine  the  congeniality,  it  is  necessary 
to  know  the  behavior  of  the  resistant  varieties  as  well  as  the  Vinif- 
era  varieties  on  their  own  roots.  If  we  have  grafted  vines  of  which 
both  the  stock  and  the  scion  varieties  are  known  to  be  suited  to  the 
soil  and  climatic  conditions  and  they  do  not  respond,  we  know  that 
congeniality  is  lacking. 

The  adaptability  of  varieties  can  be  closely  forecasted,  but  their 
congeniality  must  be  determined  by  actual  tests.  Without  knowl- 
edge of  its  adaptability  to  existing  conditions,  the  extent  to  which 
differences  in  the  behavior  of  a  variety  grafted  on  diflEerent  stocks 
are  due  to  congeniality  or  to  adaptability  is  impossible  of  determi- 
nation. I 

Saccharine  and  acid  determinations  of  the  fruit  from  grafted  vines 
have  been  made  for  a  number  of  years  with  a  view  to  ascertain 
whether  the  quality  of  the  fruit  is  influenced  by  the  stock  upon  which 
the  vine  is  grafted.  (See  PL  X.)  Such  determinations  contrasted 
with  the  same  season's  growth  ratings  of  the  same  vines  indicate  a 
dose  correspondence  between  these  important  chemical  constituents 
of  the  fruit  and  the  congeniality  of  grafts  and  stocks  as  determined 
by  observations,  and  they  afford  a  useful  check  on  the  congeniality 
ratings.  * 

Similar  growth  ratings  of  a  variety  grafted  on  various  stocks  are 
found  to  be  accompanied  by  fairly  definite  percentages  of  sugar  and 
add.  Under  like  conditions  of  growth  the  sweetness  and  the  acidity 
of  the  fruit,  as  well  as  its  time  of  ripening,  are  materially  influenced 
by  the  congeniality  of  the  scion  and  stock.  The  saccharine  and  acid 
contents  are  two  of  the  leading  considerations  in  the  money  value  of 
the  fruit. 

In  determining  the  relative  congeniality  of  vine  varieties  on  diverse 
resistant  stocks,  these  and  the  relative  quantity  of  fruit  produced, 
the  difference  in  time  of  ripening,  the  relative  healthfulness  and  com- 
parative durability  of  varieties  on  different  resistant  stocks,  and  the 
rdative  amount  of  wood  produced  are  some  of  the  considerations 
tiiat  appear  most  important. 

BEHAVIOR  OP  GRAPES  GRAFTED  AND  ON  THEIR  OWN  ROOTS. 

In  Table  VII,  column  1  gives  (1)  the  variety  name,  and  indented 
under  it  (2)  the  name  of  the  resistant  stock  on  which  it  is  grafted,  or 
if  the  variety  is  on  its  own  roots  the  fact  is  so  stated.  Column  2 
shows  the  experiment  vineyard  in  which  the  growth  was  tested,  use 
being  made  of  the  following  abbreviations:  C  for  Chico,  Cx  for  CoU 
fax,  F  for  Fresno,  Q  for  Geyserville,  Gi  for  Guasti,  L  for  Lodi,  Li  for 
livermore,  M  for  Mountain  View,  O  for  Oakville,  S  for  Sonoma,  St 
for  Stockton.    Column  3  shows  the  year  ia  which  the  stock  was 
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planted;  thereby  indicating  its  age,  and  column  4  gives  the  year  of 
grafting.  Column  5  shows  the  congeniality,  or  the  growth  of  each 
variety  on  the  different  stocks,  expressed  in  the  form  of  a  percentage 
rating,  on  a  scale  in  which  the  growth  of  the  variety  when  not  grafted 
but  growing  as  an  entire  plant  on  its  own  root  under  conditions  to 
which  it  is  well  adapted  is  taken  as  the  standard  of  excellence,  that 
is,  100  per  cent.  These  ratings  therefore  represent  the  behavior  of 
each  variety  grafted  on  the  several  stocks  imder  the  conditions  exist- 
ing at  the  vineyard  at  which  it  was  found,  expressed  in  terms  that 
permit  comparison  with  its  behavior  when  growing  as  an  entire 
plant  on  its  own  roots  under  favorable  conditions  and  not  based  on 
a  comparison  with  other  Vinifera  varieties  grafted  on  the  same  stock 
in  the  same  vineyard.  The  rating  in  each  case  is  the  average 
rating  made  in  different  seasons  to  and  including  the  autunm.  of 
1913.  To  illustrate:  Alicante  Bouschet,  grafted  in  the  Oakville 
vineyard  in  1906  on  different  resistant  stocks,  on  Aramon  X  Rupes- 
tris  Ganzin,  No.  1,  was  rated  at  91 ;  on  Riparia  X  Rupestris,  No.  3309, 
at  88;  on  Mourvedre  X  Rupestris,  No.  1202,  at  72;  and  on  Riparia 
X  Rupestris,  No.  101,  at  65.  This  shows  that  Alicante  Bouschet, 
which  is  well  adapted  to  the  conditions  there,  when  grafted  on  these 
different  stocks  at  the  same  time,  imder  the  same  conditions,  in  the 
same  vineyard,  and  with  the  same  treatment,  varied  in  growth  and 
behavior  in  comparison  with  the  same  variety  on  its  own  roots  in 
accordance  with  the  above  ratings.  Colunm  6  gives  the  pruning 
method,  s  being  used  for  spurs  and  c  for  canes.  Colunm  7  gives  the 
weight  of  pnmings  per  vine;  8,  the  nodes  bearing  fruit;  9  and  10, 
the  growth-starting  dates  in  early  and  late  seasons;  11  and  12,  the 
blossoming  dates  in  early  and  late  seasons;  13  and  14,  the  fruit- 
setting  dates  in  early  and  late  seasons;  15  and  16,  the  fruit-ripening 
dates  in  early  and  late  seasons.  Columns  17  to  21  give  the  fruit  per 
vine  for  the  seasons  from  1909  to  1913,  inclusive;  22,  the  average  per- 
centage of  sugar,  Balling  scale;  23,  the  average  acid,  as  tartaric,  per 
100  c.  c.  Column  24  shows  the  size  of  the  clusters,  m  indicating 
medium;  m-1,  medium  to  lai^e;  1,  large;  v,  very;  s,  small.  Column 
25  shows  the  shape  of  the  clusters,  whether  round  (r),  cylindrical  (cy), 
long  (1),  or  tapering  (t).  Colunm  26  designates  the  density  of  the 
clusters,  whether  compact  (c),  medium  (m),  or  loose  (I).  Colunm 
27  shows  the  size  of  the  berry,  whether  large  (\),  medium  (m),  or 
small  (s).  Column  28  gives  the  shape  of  the  berry,  whether  round 
(r),  oval  (o),  or  oblong  (ob).  Column  29  shows  the  color  of  the 
berry,  whether  black  (b),  red  (r),  or  white  (w).  Column  30  indicates 
the  purpose. for  which  the  fruit  is  used,  whether  for  table  (t),  ship- 
ping (s),  juice  (j),  wine  (w),  or  storage  (st).  In  this  table  the  nomen- 
clature of  varieties  has  been  brought  into  conformity  with  the  code 
of  the  American  Pomological  Society  in  so  far  as  it  has  appeared 
practicable. 
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Table  VIII  gives  an  alphabetical  list  of  additional  Vinifera  varieties 
grafted  on  resistant  stocks  wliich  are  under  test  at  the  Chico,  Colfax, 
Fresno,  Geyserville,  Lodi,  and  Oakville  experiment  vineyards.  Arabic 
figures  are  used  to  indicate  the  number  of  different  stocks  upon  which 
each  is  grafted  and  the  location  of  the  same.  The  tests  are  too  young 
to  permit  the  drawing  of  conclusions. 

Table  VIII. — Additional  Vinifera  varieties  of  grapes  under  test  on  resistant  stocks  at 
six  experiment  vineyards  %n  California. 

(Arabic  figures  are  used  to  indicate  the  number  of  different  stocks  upon  which  each  variety  is  grafted  and 

the  location  of  the  same.] 


Varieties. 

o 

i 

f 

Ach-I-Soum 

1 

Actoni  Maoeron 

1 
1 

Actonlky 

2 

3 

4 

4 

Agadia      

1 

Agra-Ash 

2 

Anmeur  bon  Ahmeur... 

2 

4 

4 

r^ 

AhSaibe  

1 

Aiaki-Odia      

1 

I 

Ami      

5 

A  c-Uzum 

2 

Albardiens 

1 

Aldara 

1 

Alexandria  

Alicante 

2 

1 

Almeria      

7 

Amlachu 

1 

AnebelCadi 

1 
2 

1 

4 
5 

4 
5 

5 

Angelina 

7 

Aramon 

Arecussia     

1 

AshKhuta 

2 

Askaree    

1 

4 

Asmi 

6 

Atch  Gau 

2 

Aswad  Kari 

2 

Atch  Kiek 

2 

Aturk-Ash 

2 

Angulata 

1 

7 

5 

3 

Awasarghua 

2 

Bokator  

1 

Barducci 

2 
1 

1 
2 

1 
1 
1 

4 

5 

4 

Bermestia  Bianca 

Bicane 

5 
2 

7 

6 
2 

1 
2 

5 

Black  Hamburg 

2 

Black  Monukka 

Black  Morocco 

18 

8 

Black  Prince 

Black  Seedless 

3 

Black  Shahanee 

1 

1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

5 

Blanc  d'Ambre 

4 

3 

5 
6 

5 

Blaney  White 

9 

Blauer  Portugieser 

Bowood  Muscat 

Brustiana        

5 
5 

7 
5 

8 

Buccleugh 

8 

Buckland 

8 

Calabrian 

7 

7 

6 

Calmette 

? 

Carignane 

6 

Castira 

4 

4 

5 

Chadeh  Arabieh 

2 

1 
1 

6 

Chaouch  Blanche 

6 
9 

6 

8 

5 

Chaouch  Rose 

8 

Chasselas  Rose  de  Fal- 
loux 

Chasselas  Rouge 

Chasselas  St.  Bernard... 
Chavooschee 

1 
1 
1 

2 
2 

3 

5 

4 

Chauche  Gris 

3 

Chaweesh 

1 

r> 

ChUdofHaU 

Cinstiut 

Clairette  k  (Jros  Grain. 

Coarna  Neagra 

Corinthe  Blanc 

Corinthe  h.  Gros  Grain . 

Corinthe  Rose 

Corlstano 

Cornichon 

Damas  Itose 

Danugue 

Dattier  de  Beyrouth.. 

Deis-al-A'anze 

Dixmar 

Dodrelabi 

Drnekusa 

Dronkane 

Emathia 

Emperor 

ErzRoumli 

Fajoumi  Jaune 

Faphly 

Feher  Som 

FeherZagos 

Ferrara 

Fintendo 

Flame  Tokay -- 

Frankenthal  Precoce. . . 

Fredericton 

Ghulabi 

Golden  Champion 

Golden  Hamburg 

Golden  Queen 

Goolabie 

Green  Hungarian 

Grenache 

Gros  Blanc  de  Lausanne 

Gros  Guillaume 

Hebron 

Huasco 

Hunisa 

Hycales 

Insolia  Bianca 

Jauzani 

Jb&'i 

Jeresiana 

Joannenc 

Jubeili 

Kabbajuk 

Kadarka 

Kandihar 

Kara^sarma 

Kara-uzum 

Kharashani 

KAsflfl-dakar 

K&sftfl-intl 

Katchitch 

Kechmish-Aly-Blanc. . . 

Keropodia 

Key 


25 


24 


10 


5 

1 
9 
5 
2 
16 
6 


6 

3 
6 
6 
11 
2 
6 


5 
5 
10 


1 

16 
5 


Digitized  by 


Google 


TBSTINQ  QBAPB  VABIETIBS  IK  THE  VINIFERA  BEQIOKS. 


127 


Tablb  Vm.'— Additional  Vinifera  varieHa  of  arapet  under  test  on  renBtant  gtocke  at 
tix  experiment  vineyards  in  California — Continued. 


VartetlBS. 

1 

1 

1 

1 

1 

2 
2 

1 

IThndnd-al'BaDftt . . 

3 

Prune  de  Cazouls 

Purple  Damascus 

QnAp|fano 

5 
6 

23 

8 

5 

KHhmtali 

6 

2 

KfffhmUh  THhfi.  , . 

Ktshmfah  T^iw^ 

nAii  HfLiiepoot 

17 

1 

KfehmfehL 

nf«^»nepooi 

1 
1 

lC<n^a«^  . . 

Rodites 

11 

25 

7 

14 

K5mi  KMimi^h 

Ronde  Weisse 

1 

Kfffl-ifhiin,.     

Rosed'Italie 

1 

6 

3 

4 

Kordi 

Roussaou 

2 

KuristiMfei 

5 

2 

.... 

7 

Salbe 

.... 

q 

Kortelaska 

St.  Macaire 

1 
1 

1 

T4nn1Zolo.. 

Satin  Rlanr  . 

8 
7 

6 
7 

ft 

2 

2 
6 

Schiradtoull  Violet 

Semillon        

22 

ft 

T,{5tan 

9 

Servan  Rose 

1 

6 

2 

7 

7 

If A1v«4({|^                     

6 

4 

Sev-ursa 

1 

Ifafv^ifL  I^MArift 

Sgotoruk 

1 

If  antim  At^  Pilflff 

Snahmani 

5 

ManTOtode  Malaga.... 

6 

23 

.... 

6 

Shakaifi 

q 

Shakaribira 

1 

MeloD 

7 

1 
6 

8 
10 

1 

Shanzi  

1 

Meyer  No.  M 

Shatawi 

5 

Meyer  No.  114 

Rhfrshira. 

1 

Meyer  No.  116 

Sicllien 

1 
2 

9 

1 

6 

11 

Meyer  No.  801 

RYaT!^A*n<nilca 

Meyer  No.  803 •.... 

8.  P.I.No.eoi 

1 

Meyer  No.  832 '---- 

S.  P.  I.  No.  611 

1 

MmrcrNo.8e6 

S.P.I.  No.  614 

1 

lf*«A«i         

8.  P  I.  No.  6014 

1 

)f ni^^ip ,  ,  . . . ,  T  . 

I 

3 
8 

6 
2 

8.  P.  I.  No.  30042 

1 

Molinera  Oordo. 

.... 

5 

Sultana 

1 

14 
38 

q 

MonftVi*  

Sultanina 

4 

Mondeuse 

1 
1 

S^lt^nhiA  nnAAA 

3 

6 

2? 

Mourestd 

4 
2 

Svii      

A 

Mukhkli-ul-Basfal 

Syl  vaner 

5 

Muscat  Albardiens 

6 
6 

Ryrfan  . 

Muscat  Bonod 

1 

1 
2 

2 

.... 

9 

10 

4 

Tavris 

1 

Moflcat  CapusiDM 

Muscat  Oros  Noir  Hatif . 

TftvrWi  . 

1 

.... 

1 
5 
2 

Tencron 

1 

1 
1 
1 
1 
2 
1 

9 

8 

3 
2 

12 

8 

6 

Muscat  Noir  Pnboce. . . 

1 

1 

.... 

.... 

1 

.... 

TJflflhi  Ahm4^r 

3 

Nam  Vflimtlana 

Tinta  Amerella 

Nebbiolo 

1 
6 
17 
10 
10 

Trifere  du  Japon 

Triomphe 

13 
8 

2 

5 
6 

15 

niH»>ii>T 

1 
1 
1 
2 

13 
16 
9 
10 

48 
6 

1 

79 

10 
9 
6 
6 

8 

01iT«tt4^  Blandii^ 

Troika 

OiiyetteChaptal 

OUrette  Noir. 

Ubeide 

6 

U  va  de  Casta 

6 

Olivette  Bose 

1 

U va  de  Embarque 

6 

Opftnan 

2 
1 
2 
1 

8 

4 

3 

Valandova 

25 

. 

-Pfiimd^hfto. 

Vald(*penas 

1 

-piJkfl^Yjm 

Veltliner 

11 

PanaHti 

.... 

25 

Velusa 

1 

^use  de  Roquevaire. . . 

6 

VM-dal       

2 

1 

Pearl  deCasaba 

1 

1 
2 
2 

1 
1 

Verdelho  de  Madere 

1 
22 

3 

3 

VignedeZericho 

West  Prolific    

1 

6 

.... 

6 

Pedro  Ximines 

4 

Perie  Imperial  Blandie. 
"Pem 

7 

1 

..., 

3 

1 

11 
2 
3 

1 
6 
5 

White  HaneDoot 

10 

.... 

Whiti^  KaT>Adinlari. . 

2 

Petit  8ynh 

White  Luffi^ 

White  Tokav          .  . 

1 
1 
1 

12 
1 

2 

10 

14 

•Phflipi      . . 

2 

Piimnt 

1 

1 
2 

6 
6 

29 
3 

.... 

10 
6 

ZahalVAnaVf 

3 

Pis  des  Chevie  Booge. . . 
Picfnt^fna .7//!^.... 

Zeine.                      

1.... 

6 

7'\T)tm^^ 

1 

.."i  .. 

4 

1 
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The  following  is  an  alphabetically  arranged  list  of  Vinifera  varieties 
in  the  Brawley  Experiment  Vineyard  (PL  II,  fig.  2),  the  plantings  of 
which  are  as  yet  too  young  to  permit  the  drawing  of  conclusions 
relative  to  their  adaptability: 

Ach-I-Soum,  Actoni,  Actoniky,  Agadla,  Ahmeur  bon  Ahmeur,  Ajmi,  Aleatico, 
Alexandria,  Almeria,  Aneb-el-Cadi,  Angelina^  Augulata,  Askari,  Aspiran  Noir,  Atch 
Kiek,  Awasarghua. 

Barducci,  Beclan,  Bermestia  Bianca,  Boal  de  Madera,  Bowood  Muscat,  Black 
Morocco,  Black  St.  Peter,  Black  Shahanee,  Black  Zante,  Blanc  d'Ambre,  Blaney 
White,  Blauer  Portugieser,  Buccleuch,  Bnistiana. 

Carignane,  Calabrian,  Catarratto  a  la  Porta,  Castiza,  Chadieh  Arabieh,  Chavooechee, 
Chaouch,  Chaouch  Roee,  Chaaselas  Bouches  du  Rhone,  Chaaselas  Dore,  Chaaselas 
Fontainebleau,  Chasselas  Florence,  Chaaselas  Montauban,  Chaaselas  Musque  Vrai, 
Chasselas  Negrepont,  Chasselas  Rose,  Chasselas  Rose  de  Falloux,  Chasselas  Rouge, 
Chasselas  St.  Bernard,  Child  of  HaJl,  Cinsaut,  Clairette  k  Gros  Grain,  Clairette 
Blanche,  Coama  Neagra,  Commandeur,  Corinthe  Rose,  Corinthe  k  Gros  Grain,  Comi- 
chon,  Coristana,  Crujidero. 

Damascus,  Danugue,  Dattier  de  Beyrouth,  Dizmar,  Dodrelabi,  Downing,  Dmekusa, 
Dronkane,  Due  de  Magenta. 

Emperor. 

Fajauml  Jaune,  Faphly,  Feher  Goher  Noir,  Feher  Som,  Feher  Zagos,  Ferrara, 
Fintendo,  Flame  Tokay,  Foster,  Frankenthal  Precoce,  Fredericton. 

Golden  Champion,  Golden  Hambuig,  Golden  Queen,  Goolabie,  Gradiska,  Green 
Hungarian,  Grenache,  Gros  Blanc  de  Lausanne,  Gros  Maroc. 

Hebron  Hycales,  Hunisa,  Huasco,  Hutab. 

Insolia  Bianca. 

Jura  Muscat. 

Kadarka,  Kahallillee,  Eakour,  Eeropodia,  Kishmish,  Euristl  Mid,  Eurtelaska. 

Lahntraube,  Lampasas,  Leani  Zolo,  Luglienga. 

Madeleine  Angevine,  Madeleine  Blanche,  Madeleine  Roee,  Madeleine  Royale, 
Mamelon,  Malaga,  Malvasia,  Malvasia  Rosario,  MaraviUe  de  Malaga,  Maraacina, 
Marzamina,  Meslier,  Millenium,  Mission,  Molinera  Gordo,  Mondeuse,  Mourisco 
Bianca,  Muscateller,  Muscatelle  Fine,  Muscat  Albardiens,  Muscat  Bonod,  Muscat 
Capusinee,  Muscat  Gros  Noir  Hatif,  Muscat  Hamburg,  Muscat  Madera  Rose,  Muscat 
Noir  de  Hongrie,  Muscat  Noir  Precoce,  Muscat  Talabot. 

Napoleon,  Nasa  Valentiana,  Negrara  di  Gattinara,  Neiretta  di  Costillo. 

Ocru  di  Boe,  Ohanez,  Olivette  Blanche,  Olivette  de  Cadenet,  Oliver  de  Serree, 
Olivette  Noir. 

Pagadebito,  Pare  de  Versailles,  Palarusa,  Panariti,  Paykanee  Razuki,  Pearl  de 
Casaba,  Perruno,  Persian,  No.  20;  Persian,  No.  21;  Persian,  No.  23;  Persian,  No.  25; 
Persian,  No.  26;  Persian,  No  Number;  Persian,  No  Tag;  Philipi,  Piment,  Pince  Muscat, 
Prune  de  Cazouls. 

Rose  de  Italie,  Royal  Ascot,  Rozaki  Zolo. 

Schach-I-Soum,  Schiradzouli  Blanc,  Schiradzouli  Violet,  Servan  Blanc,  Servan 
Rose,  Sgotoruk,  Shiraz,  Sicilian,  Slankamenka,  St.  Laurient,  Sultana,  Sultanina, 
Sultanina  Rosea,  Syrian. 

Terret  Monstre,  Tinta  Amerilla,  Torek  Goher  Noir,  Trentham  Black,  Trifere  du 
Japon,  Triomphe,  Trivoti,  Trojka,  Trousseau,  Tsien  Tsien. 

Valdepenas,  Veltliner,  Verdal,  Vemaccia  Sarda,  Vigne  de  Zericho. 

Wilmot  Hamburg,  Wilmot  No.  16,  White  Corinth,  White  Tokay. 
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Digitized  by 


Google 


TESTING  GBAPE  VARIETIES  IN  THE  VINIFERA  REGIONS. 


129 


Table  IX  shows  additional  tests  of  improved  American  native  and 
Franco-American  grape  varieties  grafted  on  resistant  stocks  which 
are  being  made  at  the  Fresno  and  Oakville  experiment  vineyards, 
(See  PI.  I,  figs.  1  and  2.)  Arabic  figures  are  used  to  indicate  the 
number  of  different  stocks  upon  which  each  is  grafted  and  the  location 
of  the  same.  The  tests  are  too  young  to  permit  the  drawing  of 
conclusions. 

Table  IX. —  Varieties  of  American  native  and  Franco-American  graj>es  under  test  on 
resistant  stocks  at  the  Fresno  and  Oakville  experiment  vineyards,  showing  the  number  of 
different  stocks  included  in  the  test. 


Varieties. 

Fresno. 

Oakville. 

Varieties. 

Fresno. 

Oakyille. 

Agawam stocks. . 

America  X  Malaga  No.  2: 
No.  1 stocks.. 

1 

4 

1 
2 
1 
1 
4 
6 
4 
5 
9 
2 

Concord 

Concord  Improred . . 

Continental 

Llndley 

Lucile 

Hassasoit 

.stocks.. 
...do.... 
...do.... 
...do.... 
...do.... 

5 

i' 

10 

No.2 do.... 

11 

No  15       do.... 

Armistead  Seedling do 

i' 

4 

...do.... 

Moore 

...do.... 

1 
5 

Brighton.    do 

Brflliant do 

Niagara 

Perkins 

Rebecca 

Riggs  No.  16 

...do.... 
...do.... 

Campbell do.... 

...do.... 
...do.... 

i 

Catawba do 

CliftTnpion ,-,,,,  ^ ,  .do. . . . 

1 

The  explanation  of  columns  already  given  for  Table  VII  will  apply 
for  the  most  part  to  Table  X,  showing  the  relative  behavior  and  value 
for  different  purposes  of  improved  American  native  and  Franco- 
American  grape  varieties,  except  that  the  parentage  of  the  varieties 
displaces  the  designation  of  the  stock,  the  column  for  the  ''Year 
grafted"  is  omitted,  and  the  congeniaUty  column  is  changed  to  a 
growth-rating  column,  because  all  the  varieties  are  on  their  own  roots. 
The  column  for  weight  of  pruning  is  also  omitted.  The  abbreviations 
used  to  designate  the  parent  species  are  as  follows:  Aest.  for  Aesti- 
valis, Bourq.  for  Bourquiniana,  Champ,  for  Giampini,  Lab.  for 
Labrusca,  Lhis.  for  Linsecomii,  Rip.  for  Riparia,  Rup.  for  Rupestris, 
Vin.  for  Vinifera. 
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CONCLUSIONS  AND  SUGGESTIONS. 

Varying  soil,  climatic,  and  other  conditions  complicate  the  success- 
ful establishment  of  vineyards  on  resistant  stocks. 

The  adaptability  of  varieties  to  soil,  climatic,  and  other  conditions 
can  be  closely  forecasted,  but  congeniality  has  to  be  determined  by 
actual  test. 

The  best  results  are  obtained  where  the  scion  and  stock  are  con- 
genial and  both  are  suited  to  all  the  conditions  of  the  environment. 

When  both  scion  and  stock  varieties  are  suited  to  the  conditions 
but  do  not  thrive,  congeniality  is  probably  lacking. 

The  ideal  vine  is  one  having  a  most  resistant  root  which  is  congenial 
to  a  top  that  produces  the  best  fruit  abundantly. 

Different  species  used  as  stocks  with  the  same  variety  grafted  on 
them  (Table  VII)  may  increase  or  diminish  its  vigor  and  productive- 
ness; increase  or  diminish  the  quality,  size,  and  appearance  of  the 
fruit;  cause  it  to  ripen  earUer  or  later;  and  bring  about  results  varying 
from  perfect  success  to  almost  complete  failure. 

Extensive  saccharine  and  acid  determinations  made  (Table  VII)  of 
varieties  grafted  on  resistant  stocks  and  contrasted  with  the  con- 
geniality and  growth  ratings  made  of  the  same  vines  the  same  season 
show  a  close  correspondence  between  these  important  chemical 
constituents  of  the  fruit  and  the  congeniality  of  graft  and  stock. 
Similar  growth  ratings  of  a  variety  grafted  on  various  stocks  are 
found  to  be  accompanied  by  fairly  definite  percentages  of  sugar  and 
acid.  The  congeniality  of  the  variety  to  the  stock  materially  affects 
the  resistant  qualities  of  the  stock. 

The  quantity  and  quality  of  the  fruit  are  usually  in  opposition  on 
the  soils  and  vines  producing  most  abundantly;  the  fruit  is  usually 
not  of  as  much  value  per  given  unit  as  it  is  on  vines  that  are  rela- 
tively less  productive. 

Most  vine  varieties  making  perfect  growth  on  resistant  stocks 
are  foimd  to  yield  heavier  crops  than  the  same  variety  when  grown 
on  its  own  roots. 

The  best  results  can  be  obtained  only  when  the  varieties  are  placed 
under  soil,  climatic,  and  otlier  conditions  to  which  they  are  adapted 
and  by  using  the  methods  of  pruning,  training,  and  culture  best 
suited  to  each  one. 

A  number  of  the  new.  grape  introductions  of  the  Department  of 
Agricultxu*e  are  proving  to  be  superior  to  the  varieties  that  are  now 
commercially  grown  for  certain  purposes. 

The  relative  rooting  quaUties  of  resistant  varieties  are  an  important 
consideration  in  the  cost  of  establishing  resistant  vineyards. 

Some  stocks  are  suited  for  bench  grafting,  while  others  are  especially 
valuable  for  vineyard  grafting. 
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Cuttings  of  many  hybrids  root  easily,  although  the  cuttings  from 
one  of  the  parents  may  be  hard  to  root. 

Where  conditions  are  not  suited  to  a  given  species,  they  are  often 
well  adapted  to  hybrids  of  that  species  with  some  other  species. 

As  cuttings  of  Monticola,  Beriandieri,  Aestivalis,  Linsecomii, 
Bicolor,  and  Candicans  (Pis.  VI,  VII,  and  VIII)  are  hard  to  root, 
they  should  be  rooted  in  the  nursery  and  grafted  there,  or  planted  in 
the  vineyard  and  grafted  afterwards. 

Riparia  cuttings  root  easily  and  are  excellent  stocks  weU  suited 
for  vineyard  and  bench  grafting,  but  they  are  adapted  to  but  few 
California  soils.  Soils  in  which  Riparia  varieties  thrive  usually 
produce  large  crops  of  only  fair  quality. 

Rupestris  cuttings  root  and  graft  easily  and  are  best  adapted 
to  bench  grafting.  When  so  used  the  dormant  eyes  should  be  cut 
out  of  the  stock.  Many  varieties  are  not  congenial  to  Rupestris, 
and  their  fruit  is  usually  somewhat  later  in  ripening  than  when 
grown  on  some  other  stock. 

In  most  instances  Riparia,  Beriandieri,  Champini,  and  Aestivalis 
stocks  (PL  VI,  VII,  and  VIII)  are  congenial  to  Vinifera  varieties. 
Their  fruitfulness  is  increased  and  the  time  of  ripening  hastened  in 
comparison  with  the  same  varieties  grown  on  other  stocjcs. 

Some  of  the  hybrid  resistant-stock  varieties  are  making  enviable 
records  as  stocks  under  California  conditions. 

Where  all  the  qualities  desired  can  not  be  found  in  a  hybrid,  a 
complex  hybrid — that  is,  a  hybrid  of  hybrids — ^may  yield  the  desired 
results. 

A  grower  of  Vinifera  grapes  should  decide  before  locating  his 
vineyard  what  varieties  he  desires  to  grow,  and  then  choose  soil  and 
other  conditions  suited  to  such  varieties.  He  should  know  whether 
stocks  are  to  be  established  in  the  vineyard  and  grafted  afterwards 
or  whether  the  plantings  are  to  be  of  bench  or  nursery  grafts.  He 
should  then  select  the  resistant  varieties  best  suited  to  the  purpose 
and  conditions  and  which  at  the  same  time  are  congenial  to  the 
varieties  he  intends  to  grow.  He  should  familiarize  himself  with 
all  the  operations  necessary  in  establishing  a  resistant  vineyard. 

The  amount  of  money  practically  thrown  away  in  the  reestablish- 
ment  of  Vinifera  vineyards  in  this  country  since  the  first  appearance 
of  phylloxera  in  them  can  not  be  even  approximately  estimated. 

The  direct  causes  of  this  waste  of  money  have  been  due  to  lack 
of  information  and  the  fact  that  there  was  no  source  from  which 
data  could  be  obtained.  This  has  resulted  in  the  taking  of  chances 
by  the  growers  in  planting  nonresistants,  or  in  using  the  wrong 
resistants,  or  in  using  resistants  which  were  not  congenial  to  the 
varieties  they  were  growing.  Other  causes  for  this  waste  have 
been  the  purchase  of  bench  grafts  on  resistant  stocks  not  true  to 
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name  and  the  lack  of  proper  care  and  management  of  resistant 
vineyards,  such  as  allowing  roots  to  grow  from  Vinifera  tops  grown 
on  resistant  stocks.  These  mistakes  have  delayed  the  general  use 
of  resistants.  There  should  be  no  further  delay  of  this  kind.  The 
Department  of  Agriculture  is  now  prepared  and  will  be  glad  to  give 
information  of  value  along  all  these  lines. 
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SEED  PRODUCTION   OF  WESTERN  WHITE  PINE.^ 

By  Raphael  Zon,  Chief  of  Forest  Investigations, 
PROBLEMS  INYOLVED  IN  DETERMINING  SEED  PRODUCTION. 

When,  several  years  ago,  an  attempt  was  made  by  the  Forest  Serv- 
ice to  collect  seed  on  a  large  scale  for  forestation  pmposes,  it  was 
keenly  realized  for  the  first  time  how  little  knowledge  exists  in  this 
country  regarding  the  seed  production  of  our  trees  and  the  factors 
which  influence  it.  One  should  be  able  to  foretell  with  a  reasonable 
degree  of  certainty  the  amount  of  seed  which  different  species  will 
produce  at  definite  intervals.  Aside  from  the  practical  value  of 
such  knowledge,  it  is  of  the  greatest  scientific  interest.  Our  knowl- 
edge of  the  life  history  of  forest  trees  will  be  incomplete  until  the 
mysterious  occurrence  of  seed  years  and  the  factors  that  influence 
them  are  fully  imderstood.  Of  all  the  forest  problems,  seed  pro- 
duction is  the  most  difficult  one  to  solve.  This  may  be  readily 
inferred  from  the  fact  that  although  seed  production  excited  great 
interest  on  the  part  of  European  foresters  even  in  the  early  days,  and 
several  attempts  were  made  to  penetrate  into  the  mystery  of  it, 
little  as  yet  is  known  regarding  the  factors  which  influence  the  seed 
production  of  even  the  few  European  species. 

The  investigation  of  seed  production  of  forest  trees  consists  of  four 
distinct  problems:  (1)  The  determination  of  the  amount  of  the  seed 
crop,  (2)  the  determination  of  the  periodicity  of  seed  production,  (3) 
the  determination  of  the  various  external  and  internal  factors  which 
affect  the  amount  and  the  periodicity  of  seed  production,  and  (4)  the 
solution  of  the  biological  problem  of  seed  production.  Each  of  these 
problems  must  be  solved  in  the  order  indicated,  since  the  solution  of 
one  furnishes  the  basis  for  the  solution  of  those  which  follow. 

The  first  and  immediate  problem  is  to  determine  the  amount  of 
seed  produced  by  each  species.     This  may  not  be  as  simple  an  under- 

1  Pinut  monticola  Dougl. 

Note. — This  bulletin  contains  a  report  upon  an  investigation  of  the  seed  production  of  western  white 
pine  and  a  discussion  of  the  method  of  measuring  the  seed  crop. 
86754«— Bull.  210—15 
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takmg  as  it  seems.  Should  the  seed  crop  be  estimated  ocularly  or 
actually  measured  on  representative  trees  or  sample  plots  ?  If  it  is 
to  be  measured,  what  is  to  be  taken  as  the  unit  of  measure — the 
number  of  cones  produced  by  a  few  individual  trees,  the  number  of 
cones  produced  per  unit  of  area,  or  the  quantity  of  germinable  seed 
produced  by  individual  trees  on  a  given  area  ? 

When  a  method  is  agreed  upon,  the  problem  of  the  periodicity  of 
seed  crops  can  be  attacked.  To  solve  this  problem,  repeated  com- 
parable investigations  of  the  first  problem  carried  on  for  years  is 
necessary. 

In  the  solution  of  tlje  third  problem  there  enters  the  determination, 
first,  of  the  external  factors  such  as  climate,  soil,  exposure,  light, 
injiuy,  and  destruction  of  seed  by  ftnimalfl  and  fungi,  and,  second,  of 
internal  factors,  such  as  composition,  age,  density,  and  health  of  the 
stand.  The  solution  of  this  complicated  question,  or  rather  of  this 
series  of  comphcated  questions,  requires  systematic,  parallel,  and 
miinterrupted  series  of  investigations,  which  can  not  be  undertaken  by 
one  individual,  but  must  be  carried  on  by  permanently  organized 
forest  experiment  stations. 

The  fourth  problem,  the  solution  of  which  is  the  fiinal  aim  of  the 
whole  investigation,  is  the  most  difficult  of  all,  and  requires,  in  addi- 
tion to  the  other  lines  of  work,  a  series  of  chemical,  physiological,  and 
anatomical  investigations. 

In  this  paper  an  attempt  will  be  made  to  discuss  merely  the  method 
of  measuring  seed  crops. 

METHOD  EMPLOYED  IN  MEASURING  THE  SEED  CROP. 

The  production  of  seed  in  forest  trees  is  not  a  function  of  an  indi- 
vidual tree,  but  really  of  the  whole  stand,  since  the  development  of 
the  life  processes  of  each  tree  is  determined  by  the  density,  composi- 
tion, and  age  of  the  stand,  and  by  the  position  of  the  tree  in  the  stand. 
Therefore,  in  determining  the  amount  of  the  seed  crop,  the  quantity 
of  seed  produced  per  unit  of  area,  and  not  the  amount  produced  by 
individual  trees,  should  be  made  the  basis  of  measurement.  Further, 
the  cone  production  can  not  alone  serve  as  a  basis  for  measiuing  the 
seed  crop.  The  seed  production  must  be  measured  not  by  the  quan- 
tity of  cones  but  by  the  amount  of  seed  produced,  because  the 
final  aim  in  the  study  of  seed  crops  is  not  the  cones  but  the  seed. 
The  quality  of  seed,  therefore,  viz,  its  viability,  must  be  taken  into 
accoimt.  Two  stands  may  produce  different  quantities  of  cones  per 
tree,  yet  the  stand  with  the  smaller  average  number  of  cones  per  tree 
may  furnish  more  germinable  seed  than  the  stand  with  the  larger 
number  of  cones.  Barren  seed  are  biologically  nothing  but  impuri- 
ties, and  it  would  therefore  be  a  mistake  not  to  leave  them  out  of  con- 
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sideration  in  determining  the  amount  of  seed  production.  Thus, 
in  measuring  the  seed  crop,  three  things  must  be  determined:  (1) 
The  seed  production  for  the  stand  per  unit  of  area  (not  for  individual 
trees),  (2)  the  quantity  of  seed,  and  (3)  viabiHty  of  the  seed.  The 
weight  of  germinable  seed  per  imit  of  area  must  be  accepted  as  the 
standard  for  measuring  seed  crops.  If  a  is  the  weight  of  clean  air- 
dried  seed  obtained  from  1  acre,  and  p  is  their  germination  per  dent, 
then  the  seed  crop,  or  x,  may  be  expressed  by  the  formula  x  =  ap. 

Since  the  aim  is  to  determine  the  amoimt  of  seed  produced  per  unit 
of  area,  the  best  method  of  studying  seed  production  is  by  means  of 
sample  areas.  These  areas  may  be  from  one-quarter  of  an  acre  to 
one-half  of  an  acre  in  extent,  in  accordance  with  the  density  of  the 
stand.  Each  sample  area,  however,  should  include  at  least  100  trees 
of  the  principal  species  composing  the  stand. 

It  woidd,  of  course,  be  more  accurate  to  gather  cones  and  obtain 
the  seed  from  all  of  the  trees  on  the  sample  area.  This,  however, 
would  necessitate  the  cutting  down  of  the  trees,  which  is  not  always 
practicable  or  possible.  Moreover,  this  operation  would  require  a 
great  deal  of  time,  which  would  make  such  an  investigation  difficult. 
For  this  reason  it  is  preferable  to  collect  the  cones  and  extract  the 
seed  only  from  sample  trees. 

It  is  a  well-established  fact  that  light  is  a  necessary  condition  for 
seed  production,  and  observations  show  that  the  greater  the  amount 
of  light  received  by  the  tree  the  greater  is  its  crown  development  and 
the  amount  of  seed  produced.  It  may  be  already  accepted  a  priori 
that  individual  trees  in  a  stand  do  not  produce  equal  amounts  of  seed, 
but  vary  in  accordance  with  their  crown  development.  In  the 
selection  of  the  sample  trees,  therefore,  one  must  be  guided  by  the 
form  and  development  of  the  crown  of  the  individual  tree.  In  the 
different  species  the  different  parts  of  the  crown  have  varying  im- 
portance; thus  in  Douglas  fir  the  upper  part  of  the  crown  is  of  the 
most  importance,  since  it  is  there  that  the  largest  number  of  cones 
are  developed;  in  other  species  it  may  be  the  extremities  of  the 
largest  lower  branches. 

In  order  that  the  amount  of  seed  obtained  from  the  sample  trees 
should,  when  multiphed  by  the  total  number  of  trees  on  the  sample 
plot,  actually  represent  the  amount  of  seed  produced  on  the  plot, 
the  sample  trees  must  include  representatives  of  all  groups  of  trees 
which  differ  in  any  way  in  their  crown  development.  With  this  end 
in  view,  all  the  trees  on  the  sample  plot  are  divided  into  groups  in 
accordance  with  their  crown  development,  and  their  diameters 
tallied.  From  these  groups  the  sample  trees  are  selected.  As  a  basis 
for  dividing  the  trees  into  groups  in  accordance  with  their  crown  de- 
velopment, the  ordinary  classification  into  dominant  (I),  codominant 
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(II),  intermediate  (III),  oppressed  (IV),  and  suppressed  (V)  may 
be  followed.  Since,  however,  the  crown  development  of  trees  in  the 
oodominant  and  intermediate  classes  may  not  be  imiform,  these  two 
classes  may  be  subdivided  and  designated  by  the  letters  a,  6,  c,  and  d. 
In  this  way  th«re  may  be  from  seven  to  ten  classes  or  groups  of  trees. 

At  the  time  the  trees  are  measm^  and  divided  into  groups  a  note 
is  nlade  for  each  tree  as  to  whether  or  not  it  is  bearing  cones.  These 
data,  which  are  very  interesting  in  themselves,  become  absolutely 
essential  in  case  of  partial  seed  production,  when  not  all  of  the  trees 
bear  cones. 

In  the  work  of  dividing  the  trees  into  groups,  the  investigator  must 
carefully  examine  each  crown  from  all  sides,  observing  its  habitus. 
Experience  has  taught  that  in  order  to  avoid  errors  of  crown  classifica- 
tioA  the  total  number  of  trees  on  a  sample  plot  must  not  exceed  100. 
The  size  of  the  sample  plot  will  depend,  therefore,  upon  the  age, 
density,  and  composition  of  the  stand. 

The  enumeration  of  the  trees  may  be  made  by  marking  each  tree 
with  white  paper  tags,  and  the  record  kept  on  a  form  similar  to  the 
one  given  below: 


Number. 

Diamet«r. 

Class. 

Cones  pres- . 
ent  (+)  or 
absent  (-). 

1 

Incket. 
25 
13 

27 

Ilia 
V 

+ 

1 

Aspdi 

When  in  a  mixed  stand  a  tree  of  secondary  species  occurs,  its  name 
should  be  given  in  the  first  column,  but  columns  3  and  4  left  blank. 
After  the  number  of  trees  in  each  class  is  computed,  a  certain  number 
of  sample  trees  are  selected  from  the  various  classes.  For  ordinary 
investigations,  10  per  cent  of  the  total  number  of  trees  on  the  sample 
plot  may  be  sufficient.  For  more  intensive  investigations,  however? 
a  larger  percentage  should  be  taken. 

The  more  carefully  the  division  into  classes  is  done  and  the  more 
imiform  the  crowns  of  each  class,  the  easier  it  is  to  select  the  sample 
trees.  It  is  advisable  to  select  sample  trees  separately  for  each  class — 
that  is,  first  select  the  trees  of  Class  I,  then  take  up  the  next  class^ 
and  so  on. 

When  not  all  trees  in  the  stand  are  bearing  cones,  the  sample  trees 
should  be  selected  from  the  cone-bearing  ones,  and,  in  detemuning 
the  amount  of  seed  production,  the  percentage  of  seed-bearing  trees 
for  each  group  must  be  taken  into  account. 

The  sample  trees  are  felled,  care  being  taken  iu  falling  that  they 
do  not  touch  the  crowns  of  other  trees  and  thus  knock  off  their  own 
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cones  or  those  of  their  neighbors.  From  the  felled  sample  trees  all 
the  cones  are  gathered  very  carefully,  those  which  still  hang  on  the 
branches  as  well  as  those  which  were  knocked  oflF  in  felling  the  tree. 
It  is  necessary  to  avoid  coUecting  cones  which  were  knocked  oflf  from 
other  trees.  This  can  often  be  very  readily  accomplished,  since  the 
cones  of  each  tree  differ  from  those  of  others  in  size  and  form,  espe- 
cially in  the  case  of  western  white  pine.  The  cones  gathered  from 
each  sample  tree  are  put  in  separate  sacks,  properly  labeled,  and 
after  being  slightly  dried  at  ordinary  room  temperature  are  subjected 
to  further  investigation. 

The  total  height  and  age  and  health  of  each  of  the  sample  trees  are 
determined,  the  number  of  cones  from  each  counted,  their  lengths 
measured,  and  their  volumes  and  green  weights  determined.  The 
cones  are  then  dried  and  the  seed  extracted.  Coniferous  tree  seeds 
are  separated  from  their  wings,  cleaned,  and  weighed.  If  there  is 
any  foreign  matter  present  its  percentage  is  determined  by  weighing 
several  grams  of  the  sample,  then  cleaning  it  of  all  foreign  matter 
and  reweighing.  After  the  seeds  are  cleaned,  200  are  taken,  their 
weights  determined  to  one  one-hundredth  of  a  gram,  and  these  are 
.then  germinated.  After  the  germination  percentage  is  determined, 
the  amoimt  of  seed  per  unit  of  area — ^for  instance,  an  acre — can  be 
ascertained  by  means  of  the  formula,  x  =  ap, 

SEED  PRODUCTION  OF  WESTERN  WHITE  PINE. 

The  method  of  investigation  described  was  appUed  in  1911  to  the 
study  of  seed-bearing  characteristics  of  the  western  white  pine  in 
Idaho  on  the  Kaniksu  and  Coeur  d' Alene  National  Forests,  where  this 
pine  reaches  its  optimum  development.  In  all  there  were  located 
four  sample  plots,  three  on  the  Kaniksu  and  one  on  the  Coeur  d'Alene 
Forest.  Aboui  10  per  cent  of  the  white-pine  trees  of  the  different 
crown  classes  which  bore  cones  were  feUed,  the  cones  carefully  gath- 
ered, and  kept  separately  for  each  tree.  The  seed  from  each  tree 
was  extracted  by  hand  and  its  purity  and  germinabiUty  determined. 
The  resxilts  for  each  sample  plot  follow. 
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Table  1. — Classification  of  trees  according  to  character  of  crown  and  presence  or  absence 
of  cones;  number  of  cones  and  amount  of  seed  produced  by  sample  trees ^  and  total  seed 
production  on  plot  No,  1^  Kaniksu  National  Forest  {area,  one-half  acre). 

CROWN  CLASSIFICATION  OF  TREES  AND  NUMBER  BEARING  CONES. 


Diameter  breast  hJgh 
(inches). 

Number  of  trees,  by 

crown  class. 

Trees  without  cones. 

Class 
I. 

Class 

n. 

Class 

in. 

Class 
IV. 

Class 
V. 

Number. 

Per  cent. 

Number. 

Per  cent. 

lto5 

4 
3 
1 

4 
5 
8 
5 
3 

100 

6to8 

2 
6 
3 
2 

100 

9  to  10 

2 
2 
2 

100 

11  to  12 

100 

13  to  14 

1 

2 

40 

eo 

15  to  16 

17  to  18 

1 
5 
5 
6 
2 

1 
2 

1 
6 
7 
6 
8 
4 
1 
3 

50 
75 
87 
86 
89 

100 
50 

100 

1 
2 
1 

1 
1 

50 

19  to  20 

1 
3 

1 
7 
4 
1 
3 

25 

21  to  22 

18 

23  to  24 

14 

25  to  26 

11 

27  to  28 



29  to  30 

1 

1 

50 

31  to  32 

33  to  34 

35  to  36 

1 



1 

100 

Total 

21 
30 

100 

21 
30 

83 

9 
12 

18 

12 
17 

0 

8 
11 

0 

38 
54 

154 

33 
46 

146 

Per  cent 

Per  centof  each 
class   with 
cones 

NUMBER  OF  CONES  AND  AMOUNT  OF  SEED  PRODUCED  BY  SAMPLE  TREES. 


eeNo. 

Crown 
class. 

Diameter. 

Age. 

Number  of  cones  by  inch  lengUis. 

Tr 

Height. 

or  closed. 

3to4 
inches. 

5to6 
inches. 

7to8 
inches. 

TotaL 

1 

I 

I 

I 

n 

n 

n 

m...  . 

Inehet. 
28 
28 

21 

24 

21 

21 
14 

Yeart. 
230 
230 

223 
215 
200+ 
200+ 
S200 

166 
152 

147 

154 

146 

152 
104 

Cloaed 

...do 

9 
2 

139 
26 

4 
4 

14 
5 
4 

55 

77 
24 
17 
37 
6 

236 

2 

52 

0 

21 

3. 

en 

41 

1 

sed 

20 

o    .     . 

4 
1 
5 

9 

2. 

to.:::: 

...do 

6 

eo 

3 

?■ 

1 

7 

Total  (7  trees).. 

21 

251  1           177 

440 

Tree  No. 

length  of 
cone. 

Total 

weight  of 

cones. 

Total 

Tolumeof 

cones. 

Weight  of 
clean  seed. 

Number  of 
clean  seed 
per  pound. 

Percent 
of  germi- 
nation. 

P^cent 
germinating 
in  first  144 
days  of  test 

1 

Inehet. 

5.8 

6.2 

f            7.0 

L            7.3 

6.1 

r        4.4 

L           &0 
5.3 
7.2 

Paundt. 

23.3 

4.5 

1.5 

3.5 

2.1 

.2 

.15 

4.1 

.7 

1.215 
.325 
.204 
.478 
.137 
.027 
.045 
.341 
.090 

Gramt. 

330.27 

58.58 

8.79 

17.10 

40.21 

.82 

4.02 

94.32 

13.06 

38,060 
30,362 
31,6S0 
29,813 
26,880 
35,200 
66,960 
33,876 
24,320 

22 
45 
18 

19lO 

2 

8L0 

8. 



13.6 

1 .....1 

62.5 
26 

83.6 

2. 



26lO 

3 

67.6 
66 

84.0 

1_ 

as.0 

TotaK?  f.rMM'^ 

15.8 

40.  1     :              2.  »A2  (           M7.  10 

1 

' 

1  Per  cent  of  total. 


s  Rotten. 
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Table  1. — Classification  of  trees  according  to  character  of  crovm  and  presence  or  absence 
of  cones;  numher  of  cones  and  amount  of  seed  produced  by  sample  trees,  and  total  seed 
production  on  plot  No.  1,  Kaniksu  National  Forest  {area,  one-naif  acre)— Continued. 


TOTAL  SEED  PRODUCTION 

. 

Total  trees. 

Total  sample 
trees. 

Yield  from  sample  trees. 

Yield  of  gennlnable  seed. 

Gktywn  class. 

Cones. 

Cleaned 
seed. 

Germl- 
nable 
seed.i 

Per 
plot. 

Per  acre. 

I 

No. 
21 
21 

9 
12 

8 

Perct. 
30 
30 
12 
17 
11 

No. 
3 
3 

1 

Perct. 
14 
14 
11 

Biuh. 

2.22 

.55 

.09 

Grams. 

414.75 

139.38 

13.06 

Oranu. 

103.68 

86.04 

7.31 

Oramt. 

725.78 

4S7.54 

14.63 

Orama. 

1,451.56 

975.086 

29.26 

No. 
114.408 

n 

68,680 

m 

1,704 

IV 

V 

TotaL 

71 

100 

7 

10 

2.86 

567.19 

i;227.95 

«  2,455. 906 

184,792 

1  Weight  of  pore  seed  multiplied  by  their  percentage  of  germination.      >  Equivalent  to  5.4  pounds. 

Table  2. — Classification  of  trees  according  to  character  of  crown  and  presence  or  absence 
of  cones;  number  of  cones  and  amount  of  seed  prodtuxd  by  sample  trees,  and  total  seed 
production  on  plot  No.  t,  Kaniksu  National  Forest  (area,  one-half  acre). 


CROWN  CLASSIFICATION  OF  TREES  AND  NUMBER  BEARING  CONES 

(inches). 

Number  of  trees,  by  crown  class. 

Trees  with  cones. 

Trees  without  cones. 

Class 
I. 

Class 

n. 

Class 

m. 

Class 
IV. 

Class 
V. 

Number. 

Percent. 

Number. 

Percent. 

lto6 

3 
18 
2 

3 

20 
10 

9 

8 
2 

1 
1 

100 

etos 

2 

8 
6 
5 

100 

9tol0 

100 

Utol2 

3 
5 
3 

1 
1 

100 

13  to  14 

2 

4 
7 
8 
6 
5 
1 

20 
66 
87 
89 
100 
100 
100 

80 

15  to  16 

3 

7 
6 

1 

34 

17  to  18 

13 

19  to  20 

2 
5 
5 

1 

11 

aito22 

28  to  24 

25  to  27 

Total 

13 
15 

too 

17 
20 

94 

13 
15 

30 

21 
94 

0 

23 
26 

0 

33 
38 

38 

54 
62 

62 

Percent 

Per  cent  of  each 
class     with 
oooes 

NUICBER  OP  CONES  AND  AMOUNT  OP  SEED  PRODUCED  BY  SAMPLE  TREES. 


Grown 
class. 

Diam- 
eter. 

Age. 

Height 

Number  of  cones,  by  inch  lengths. 

Tree  No. 

Cones open 
or  dosed. 

3to4 
inches. 

5to6 
inches. 

7to8 
tmdies. 

9  to  10 
indies. 

TotaL 

1 

I 

I 

n 

n 

n 

m 

in 

Ill 

InekM. 
20 

22 

20 

16 

18 

14 
16 
17 

Yeort. 
144 

145 

145 

147 

146 

134 
145 
144 

Feet. 
150 

164 

160 

141 

144 

133 
134 
138 

Qosed..... 

4 
1? 
39 

6 

19 

12 

14 
20 

1 

i' 

6 

8* 

8 
1 

11 

3 

/Open. 

Cfosed..... 
Open 

1 
2 

23 

1 

60 
15 

2 

\Ciosed..... 
Open. 

6' 

2* 

2 
2 
11 

17 

8 

3 

/..do. 

\Cl08ed..... 
Onen. 

i* 

17 

1 

26 
4 

2 

.!.§o„.:.:: 

2 

3 

aosed.... 

1 

13 

Total  rstreM^.. 

4 

88 

80 

15 

196 

Digitized  by 


Google 


8 


BULLETIN  210,  U.   S.   DEPARTMENT  OP  AGRICULTtJBE. 


Table  2.'-'CUudficatum  of  trees  according  to  character  of  crown  and  presence  or  ab9ence 
of  cones;  number  of  cones  and  amount  of  seed  produced  by  sample  trees,  and  total  seed 
production  on  plot  No.  f ,  Kaniksu  Natumal  Forest  (area,  one-half  acre) — Continued. 

NUMBER  OF  CONES  AND  AMOUNT  OF  SEED  PRODUCED  BY  SAMPLE  TREBS-Contd- 


Tree  No. 

Averace 
lengiS 

Total 
weight 
of  cones. 

Total 
volume 
of  cones. 

Weight  of 
clean  seed. 

Number  of 
clean  seed 
per  pound. 

Percent 
ofgerml- 
nation. 

Percent 

in  first  144 
days  of  test. 

1 

Inches. 
6.6 
/           5.7 
\           5.8 
/            6.0 
1            7.8 
5.9 
/            7.7 

5.5 
6.0 

Poundf. 
1.0 
1.5 
4.8 
1.2 
1.9 
.5 
1.6 
2.6 
.2 
.1 
1.0 

Bwhelt. 
0.077 
.171 
.410 
.171 
.189 
.080 
.273 
.273 
.060 
.015 
.070 

Orams. 

14.910 

12.861 

63.659 

8.670 

53.421 

.555 

ia283 

25.035 

2.364 

1.196 

33.522 

31,200 
24,852 
26,458 
27,520 
26619 
87,600 
31,467 
26,187 
31,520 
38,800 
26,920 

63.5 
5&5 

37 

}           *^ 
15.5 

2S.0 

2 

37.6 

1 

6k.O 

2 

3 

lao 

1 

13wO 

2 

3 

24.5 

Total  (8  trees). 

6.4 

16.4 

1.789 

234.476 

TOTAL  SEED  PRODUCTION. 


Yield  ftom  sample  trees. 

Yield  of  germhiable  seed. 

Crown  class. 

Total  trees. 

Total  sample 
trees. 

Cones. 

Cleaned 
seed. 

Germi- 
nable 
seed.« 

Per 
plot. 

Per  acre. 

I 

No. 
13 
17 
13 
21 
23 

Peret. 
15 
20 
15 
24 
26 

No. 
2 
3 
3 

Perct. 
15 
18 
23 

0.66 
.99 
.14 

OratM. 

91.43 
105.96 

37.08 

Orams. 
52.702 
40.523 
12.344 

Orams. 

342.563 

216.128 

16.460 

Orams. 
685.126 
432.256 
32.920 

No. 
40,352 
26,016 
2,033 

II 

Ill 

IV 

V 

Total 

87 

100 

8 

11 

L79 

234.47  ' 

1 

575. 151 

si,15a302      68,400 

1  Not  tested. 

s  Weight  of  pure  seed  multiplied  by  their  percentage  of  germination. 

s  Equlyalent  to  2.5  pounds. 

T.  -  JLB  3. — Classification  of  trees  according  to  character  of  crown  and  presence  or  absence 
of  cones;  number  of  cones  and  amount  of  seed  prodtu^ea  by  sample  trees,  and  total  seed 
production  on  plot  No.  S,  Kaniksu  National  Forest  (area,  one-half  acre). 


CROWN  CLASSIFICATION  OF  TREES  AND  NUMBER  BEARING  CONES 

Diameter  breast  high 
(faiches). 

Number  of  trees,  by  crown  class. 

Trees  with  cones. 

Trees  without  cones. 

Class 
I. 

Class 

n. 

Class 

m. 

Class 
IV. 

Class 
V. 

Number. 

Per  cent 

Number. 

Percent. 

1  to5 

2 
10 
2 

2 
18 
24 
12 
9 
4 
1 

100 

6to8 

8 
20 
6 

100 

9tol0 

2 
6 
8 
2 

100 

11  to  12 

2 
9 

8 
3 

2 
9 

7 
9 

1 

15 
50 
64 
90 
100 

85 

13  to  14 

i 

7 

1 

50 

15  to  16 

36 

17  to  18 

10 

19  to  20 

21  to  22 

24 

29 

* 

Total 

10 
10 

100 

22 
23 

66 

18 
18 

17 

34 
35 

0 

14 
14 

0 

28 
28.5 

28.5 

70 
71.5 

71  5 

Per  cent 

Per    cent    of 
each    class 
with  cones... 
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Tabui  3. — Cla89\ficalion  of  trees  according  to  character  ofcroton  and  presence  or  absence 
of  cones;  number  of  cones  and  amount  0/ seed  produced  by  sample  trees,  and  total  seed 
pnductUm  on  plot  No.  S,  Kaniksu  NaHonal  Forest  {area,  one-half  acre)— Continued. 

NUMBER  OF  C0NS8  AND  AliOTTNT  OF  SEED  PRODUCED  BY  SAMPLE  TREES. 


Crown 
olan. 

Diameter. 

Age. 

Height. 

Conee, 
open  or 
olcrnd. 

Number  of  oooee,  by  inch  lengths. 

Tree  No. 

3to4 
inches. 

5to6 
inches. 

7to8 
inches. 

9  to  10 
inches. 

Total. 

I 

I 

n 

n 

n 

m 

Aidhe*. 

18 

18 

17 

13 
15 

Yeon, 

150 

130 

146 

158 
145 

Feei, 

151 

139 

'      136 

129 
134 

/Closed..... 

8 
3 
8 
2 

8 
8 
9 
11 
12 
2 
5 

1 
2 

3' 

5 

7 

1 

VOpen. 

13 

9 

Closed 

17 

1 

/..do 

16 

17 
5 

a 

^a?Sd::::: 

4 

,5 

3 

...do 

10 

(1) 

Total  (51 

zoes) 

....... 

25 

50 

11 

86 

Tree  No. 

Ayerage 
of  cone. 

Total 
weight 
of  cones. 

Total 
volume 
of  cones. 

Weight  of 
dean  seed. 

Number  of 
clean  seed 
per  pound. 

Percent 
of  germi- 
nation. 

Percent 
genninatlng 
in  first  144 
days  of  test. 

1 

/          6.9 

\           6.9 

6.3 

/           7.4 

\            7.7 

5.5 

6.5 

POttNdf. 

a8 

1.1 
1.4 
L6 
1.7 
.5 
1.0 

BwSUU, 
0.056 
.183 
.255 
.265 
.292 
.045 
.073 

QmvM, 
14.180 

8.106 
iai83 

9.280 
18.855 

6.130 
14.385 

6.130 

31,744 
32^000 
26,960 
28,267 
26,472 
34  560 
29,312 
34,560 

}          19.5 
36.6 

22 
35.5 

13.6 

2... 

22.5 

1 

42.0 

2 

ia5 

3  

23.0 

/!"> 

Total  (5  trees).. 

6.9 

8.1 

1.150 

82.249 

TOTAL  SEED  PRODUCTION. 


Yield  from  sample  trees. 

Yield  Of  germinable  seed. 

Grown  olasB. 

Total  trees. 

Total  sample 
trees. 

Cones. 

Cleaned 
seed. 

Oerml- 
nable 
seed.s 

Per 
plot. 

Per  acre. 

I 

rro. 

10 
22 
18 
34 
14 

Pera, 
10 
23 

18 
36 
14 

No. 
2 
3 

Per<^. 
20 
14 

Butlh, 

0.49 

.66 

Qnmt, 
32.47 
43.65 
6.13 

&064 

17.214 

1.349 

Qrama. 
40.320 
86.070 
4.047 

Qrama. 
80.640 
172.140 
&094 

No. 
5,560 

n 

10,380 

ni 

570 

IV        .    . 

V 

Total 

98 

100 

5 

5 

1.15 

82.25 

130.437 

»26a874 

16,510 

I  Results  of  tree  No.  2,  Crown  Class  II,  used  for  this  tree. 

*  Weieht  of  pure  seed  multiplied  by  their  percentage  of  germination. 

*  Equivalent  to  0.6  pound. 
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Table  4. — Clasnfioation  of  trees  according  to  character  of  crown  and  presence  or  absence 
of  cones;  number  of  cones  and  amount  of  seed  produced  by  sample  trees,  and  total  seed 
production  on  plot  No.  4,  Coeur  d^Alene  National  Forest  (area,  0,9  acre). 

CROWN  CLASSIFICATION  OF  TREES  AND  NUMBER  BEARING  CONES. 


Diameter  breast  high 

Number  of  trees,  by  crown  class. 

Trees  with 
cones. 

Trees  without 
cones. 

(inches). 

Class 
I. 

Class 
II. 

Class 
IIo. 

Class 
III. 

Class 
Illa. 

Class 
IV. 

Class 
V. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent 

4to6 

4 

7 
1 

7 
2 

11 
15 
15 
9 
5 
4 
1 

100 

7to8: 

6 
10 

100 

9tol0 

4 
10 
8 

100 

11  to  12 

1 
4 
9 
5 
3 
1 

2 
3 
6 
3 

4 
5 
12 
8 
4 
3 
3 
2 

30 
50 
75 
89 
100 
100 
100 
100 

70 

13tol4 

50 

16  to  16 

1 

25 

17tol8      

1 
1 
2 
2 
2 

11 

19  to  20 

21to22    

23  to  24 

1 

25  to  26 

Total    

8 
8 

100 

23 
22 

91 

15 
15 

73 

17 
17 

6 

17 
17 

0 

12 
12 

0 

9 
9 

0 

41 
41 

41 

60 
50 

50 

Per  cent 

Per  cent  of  each 
class  with  cones... 

NUMBER  OF  CONES  AND  AMOUNT  OF  SEED  PRODUCED  BY  SAMPLE  TREES. 


Diameter 

Age. 

Cones  open 
or  closed. 

Number  of  cones,  by  inch  lengths. 

Tree  No. 

dass. 

Hei^t. 

5to6 
inches. 

7to8 
inches. 

9  to  10 
inches. 

11  to  12 
indies. 

TotaL 

1 

I 

Indies. 
19.8 
16.0 
14.5 
12.2 
8.5 
7.2 
6.0 

Years. 
107 
84 
92 
72 
80 
72 
83 

Feet. 
127 
108 
100 

78 
TJ 
67 
47 

2 

7 

1 

19 
25 
8 

1 

17 

1 
6 

1 

80 

1    

li::::::: 

SS 

1 

Ha 

1 

11 

1 

in 

1 

1           -  . 

ino 

IV 

1 

1 

V 

Total  (7  trees) . 

10 

48 

24 

2 

84 

Tree  No. 

Average 

length  of 

cone. 

Total 

weic^tof 

cones. 

Total 

volume  of 

cones. 

Weight  of 
cleanaeed. 

Number  of 
clean  seed 
per  pound. 

Percent 
of  germi- 
nation. 

Perceot 
daysoftert. 

1 

Indus. 
7.97 
6.93 
8.45 
8 

PotMkf*. 
6.0 
3.8 
1.9 
.1 

BuskeU. 
0.205 
.215 
.102 
.006 

Qrams. 

118.901 

62.773 

38.667 

2.805 

23,840 
20,840 
21.771 
21.920 

61 
33 
37.5 
90 

80 

1 

34 

1 

19 

1 

00 

1 

1      .             

1 

Total  (7 '^'^'^^ 

7  A 

1L» 

.Aon 

223. 1M 

1 
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Tablb  4. — Clasgificatwn  of  trees  according  to  character  of  crown  and  presence  or  absence 
of  cones:  number  of  cones  and  amount  of  seed  produced  by  sample  trees,  and  total  seed 
production  on  plot  No.  4,  Cceur  d'Alene  National  Forest  {area^  0.9  acr^)— Continued. 


TOTAL  SEED  PRODUCTION. 


Yield  from  sample  trees. 

Crown  class. 

Total  trees. 

Total  sample 
trees. 

Cones. 

Cleaned 
seed. 

Qenni- 
nable 
seed.i 

Per 
plot. 

Per  acre. 

I 

No. 

8 
23 
15 
17 
17 
12 

9 

Peret. 

8 
22 
15 
17 
17 
12 

9 

No, 

Perct. 

12 
4 
6 
5 
5 
8 

11 

Bwh. 

0.296 
.215 
.102 
.008 

OratM. 

118.90 
62.77 
38.67 
2.80 

Oram$. 
72.530 
20. 715 
14.500 
2.525 

Orams. 
580.240 
435.015 
159.500 
2.525 

Gnnu. 
644.711 
483.350 
177. 222 
2.806 

No, 
33,929 

U 

31,593 

8,727 

137 

Ua 

HI 

nia.  . 

IV 

V 

TotaL.... 

101 

100 

7 

7 

.620 

223.14 

110,270 

1,177.280 

«1,308.089 

74,386 

1  Weight  of  pure  seed  multiplied  by  their  percentage  of  germination. 
*  Equivalent  to  2.9  pounds. 

CONCLUSIONS. 

The  material  collected  so  far  is  not  sufficient  to  allow  of  final  con- 
clusions. Those  here  presented  are  offered  chiefly  to  point  out  the 
still  unknown  factors  into  which  the  problem  of  seed  production 
resolves  itself  and  of  demonstrating  the  suitability  of  the  proposed 
method  for  solving  them. 

1.  Perhaps  the  most  striking  fact  brought  out  by  this  investiga- 
tion is  that  the  different  crown  classes  do  not  participate  equally  in 
the  production  of  seed.  Thus  98.8  per  cent  of  all  the  seed  in  1911 
was  produced  by  the  first  two  crown  classes,  while  the  third  contrib- 
uted only  1.2  per  cent.  It  is  interesting  to  note  that  though  1911 
was  a  year  of  a  moderately  good  seed  crop,  the  crown  classes  IV  and  V 
did  not  bear  any  seed  at  all. 

If  we  divide  the  average  percentage  of  seed  production  of  each 
crown  class  by  the  average  percentage  of  trees  in  each  class,  we 
secure,  roughly,  the  ratios  in  which  the  different  crown  classes  of 
western  white  pine  bear  seed. 
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Table  5. — DiatrUnUion  of  the  seed  crop  of  western  white  pine,  hy  crown  classes. 


Ratios  of  seed  production  of  crown  classes.^ 


Class  L     Class  U.  Class  IIL  Class  IV.   Class  V.      TotaL 


.  Ploi  No.  1. 

Total  yield percent.. 

Number  of  trees do 

Plot  No. ». 

Total  yield do 

Number  of  trees do 

PW  No.  S. 

Total  yield do.... 

Number  of  trees do 

Plot  No.  4. 

Total  yield do.... 

Number  of  trees do 

Average. 


80.1 


50.5 
IT 


300 
10 


40.3 
8 


80.7 
30 


87.g 
20 


65.0 
23 


50.5 
37 


hi 
12 


2J 
15 


hi 
18 


02 
34 


lOO 

loo 


}0? 
100 


100 
100 


100 

ioo 


54.3 
15 


44.5 
27 


L2 
21 


100 
100 


1  Expressed  in  percentage  of  seed  produced  in  each  crown  class  of  the  plot  divided  by  percentage  of  trees 
in  the  crown  class. 

The  ratios  of  productivity  of  trees  of  different  crown  classes  in 
round  figures  are  3.6,  1.6,  0.05,  0.0.  Thus  a  tree  of  crown  Class  I 
bears  70  times  and  a  tree  of  crown  Class  II  30  times  more  seed  than 
a  tree  of  Class  III. 

The  participation  of  the  different  crown  classes  in  the  production 
of  seed  may  serve  as  an  index  of  the  seed  crop.  In  exceptionally 
good  seed  years  not  only  the  dominant  classes  bear  seed,  but  even 
the  oppressed  trees  have  occasional  cones,  while  in  poor  seed  years 
cones  are  to  be  found  only  in  the  dominant  class  (I),  and  even  then 
not  on  all  trees  or  parts  of  their  crowns.  Between  these  two  ex- 
tremes range  seed  crops  of  various  abimdance.  The  abundance 
of  the  seed  crop  can,  therefore,  be  prognosticated  very  early  in  the 
summer  by  observing  in  the  forest  the  kind  of  trees  that  bear  cones. 
In  order  to  establish  a  regular  yield  for  the  seed  production  of  western 
white  pine,  it  would  be  necessary  accurately  to  measure  the  crop 
by  the  method  described  over  several  seed  years  of  various  intensity. 
After  the  seed  production  for  the  poorest,  moderate,  and  excep- 
tionally good  seed  years  is  ascertained,  the  determination  of  whether 
the  crop  of  a  given  year  is  good,  fair,  or  poor  can  then  be  forecasted 
easily  and  early  by  merely  observing  the  different  crown  classes  of 
trees  that  are  bearing  cones. 

An  attempt  to  penetrate  deeper  into  the  causes  that  determine 
the  average  amoimt  of  seed  produced  by  an  individual  tree  of  each 
crown  class  meets  with  difficulties  because  of  the  many  counteracting 
factors,  some  of  which  still  remain  unexplained.    Aside  from  the 
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length  and  width  of  the  crown,  which  has  been  accepted  as  a  most 
decisive  influence  in  seed  production,  there  are  other  factors  that 
affect  the  amount  of  viable  seed  produced  by  a  tree,  such  as  the  size 
of  the  cones,  average  number  of  seed  in  a  cone,  size  of  the  seed,  its 
germinability,  the  age  of  the  tree,  and  the  still  little  imderstood 
individual  energy  of  each  tree  in  producing  seed. 

2.  The  largest  amount  of  germinable  seed  was  invariably  produced 
by  trees  chiefly  of  the  first  and  also  of  the  second  crown  class.  The 
largest  amount  of  germinable  seed  recorded  (2^  oimces)  belonged 
to  two  trees  of  crown  Class  I,  and  in  only  one  case  has  this  amount 
been  doeely  reached  by  a  tree  of  crown  Class  II.  Crown  development 
thus  seems  to  be  the  most  important  factor  in  the  seed  production 
of  trees. 

3.  The  age  of  the  trees  evidently  has  an  effect  upon  the  amount 
and  quality  of  seed  produced.  Thus  the  yoimger  trees  (in  plot  No. 
4),  ranging  from  72  to  a  Uttle  over  100  years  in  age,  have  produced 
practically  in  all  three  crown  classes  a  larger  quantity  of  germinable 
seed  than  the  older  trees.  Apparently  the  age  has  also  something  to 
do  with  the  average  length  of  the  cones,  since  the  younger  trees 
possessed,  on  an  average,  longer  cones  which  yielded  a  larger  number 
of  pure  seeds  per  cone  than  the  older  trees.  The  germination  per- 
centage was  also  greater  in  the  yoimger  trees  than  in  the  old  ones; 
the  highest  germination  percentage  reached  (90)  was  found  in  a  tree 
72  years  old,  while  the  highest  found  in  tho  older  trees  was  67.5. 

4.  The  relation  between  the  length  of  the  cone  and  the  size  of  the 
seed  (the  number  of  seed  per  pound)  is  clearly  shown.  Thus  the 
longest  cones,  8  inches  and  over,  yielded  about  22,000  seed  to  the 
pound,  while  cones  5  inches  long  occasionally  yielded  as  many  as 
67,000  seed  to  the  pound. 

5.  The  vigor  of  growth  apparently  influences  favorably  the  amoimt 
and  quahty  of  seed  produced.  Thus  trees  which  grew  at  the  rate  of 
0.19  of  an  inch  in  diameter  and  about  1.25  feet  in  height  annually 
produced  a  larger  amount  of  germinable  seed  than  trees  which  grew 
at  a  slower  rate.  This,  however,  may  be  indirectly  the  effect  of  the 
age  of  the  tree,  since  the  younger  trees  have  not  yet  passed  the  period 
of  most  rapid  growth. 

6.  While  a  relation  between  the  size  of  the  seed  and  its  germina- 
tive  vigor  *  is  not  clearly  brought  out,  yet  there  seems  to  be  a  tendency 
for  the  larger  seeds  to  have  the  highest  germinative  vigor.  This  ten- 
dency is  shown  in  Table  6. 

I  The  germinative  vigor  Is  gauged  by  the  percentage  of  seed  which  germinated  within  144  days  after 
being  sown. 
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Table  6. — Size  of  seed  and  period  of  rest. 


Number  of  seeds  per 
pound. 


22,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 


Seed  that 

germinated 

within  144 

days. 


Percent. 
34.5 
36.5 
42.0 
23.8 
21.6 
24.0 
23.0 
22.8 


Number  of  seeds  per 
.pound. 


31,000. 
32,000. 
34,000. 
35,000. 
36,000. 
37,000. 
38,000. 


Seedlhat 

germinated 

withhil44 

days. 


Percent. 
17.6 
13.4 
26.3 
25.0 


19.0 


The  failure  of  such  relationship  to  be  clearly  apparent  is  probably- 
due  more  to  deficient  field  data  than  to  the  actual  absence  of  any  such 
relationship. 

The  size  of  the  seed  and  the  germination  percentage  are  closely 
connected,  as  shown  by  Table  7. 

Table  7. — Relation  of  size  of  seed  to  germination. 


Number  of  seeds  i)er 
pound. 

Average 
germina- 
tion. 

26,000 

Percent. 
60 
39 
31 
22 
26 

30,000 

35,000 

40,000 

65,000 

The  percentage  of  germination  decreases  with  the  increase  in  the 
number  of  seed  per  pound — ^with  the  decrease  in  size  of  the  seed. 

8.  Similarly,  the  length  of  cone  has  a  perceptible  effect  upon  the 
quality  of  the  seed,  as  shown  in  Table  8. 

Table  8. — Relation  between  length  of  cones  and  germination. 


Length  of  cones. 

Average 
germlna- 

4to5inches 

Percent. 
26 
41 
40 
43 

5to6indie8 

6  to  7  inches 

7to8indkes 

Thus  it  is  fairly  evident  that  seed  from  shorter  cones  possess  a 
lower  germination  percentage  than  seed  from  longer  cones. 

9.  Since  the  size  of  the  cones  goes  hand  in  hand  with  the  weight, 
the  following  generalization  may  be  made:  The  larger  or  heavier  the 
cones  the  larger  is  the  seed,  and  the  larger  the  seed  the  greater  is  the 


Digitized  by 


Google 


SEED  PRODUCTION   OF   WESTERN   WHITE   PINE.  15 

germinatian  percerUdge;   thereforej  the  larger  the  cones  the  letter  is  the 
quality  of  the  seed.    This  is  of  importance  in  seed  collection. 

10.  An  idea  of  the  reproductive  capacity  of  a  single  tree  may  be 
gained  from  the  record  of  the  largest  yield  by  an  individual  white- 
pine  tree,  which  was  2i  ounces,  or  6,000  germinable  seed. 

11.  If  from  individual  trees  we  turn  to  stands,  we  find  that  normally 
stocked  stands  bear  from  2^  to  5  pounds  of  germinable  seed  per  acre, 
or,  assuming  an  average  of  30,000  seed  to  the  poimd,  from  75,000  to 
150,000  germinable  seed.  The  apparently  small  yield  of  plot  No.  3 
(a  little  over  one-half  pound)  is  explained  by  the  overcrowded  condi- 
tion of  the  stand.  The  average  of  3  poimds,  or  90,000  germinable 
seed,  per  acre  for  a  moderately  good  seed  year  may  therefore  be 
accepted  as  the  average  seed  crop  for  the  white  pine  on  the  Kaniksu 
and  Coeur  d'Alene  National  Forests.  Applying  this  average  figure 
to  the  different  forest  types  foimd  on  the  Kaniksu  and  Coeur  d'Alene 
Forests,  and  assuming  that  there  are  45,000  acres  of  white-pine  land 
of  which  plot  No.  1  is  representative,  20,000  acres  of  which  plot  No.  2 
is  a  sample,  and  15,000  acres  which  may  be  represented  by  plot  No.  3, 
the  total  amoimt  of  germinable  seed  produced  in  1911  on  the  Kaniksu 
Forest  would  be  in  the  neighborhood  of  300,000  poimds. 

This  amount  is  for  a  moderately  good  seed  year.  In  exceptionally 
abundant  seed  years  it  would  be  much  larger.  These  estimates,  of 
course,  do  not  take  into  consideration  any  possible  destruction  of  seed 
by  insects  or  disease,  either  in  the  cone  or  flower. 

12.  It  is  interesting  to  compare  the  total  yield  of  germinable  seed 
with  the  amoimt  of  seed  actually  coUected  by  the  Forest  Service.  In 
1911  the  collection  of  seed  was  conducted  on  an  extremely  large  scale, 
6,700  pounds  being  gathered  on  20,676  acres.  The  total  amoimt  of 
clean  seed  produced  during  this  same  year  on  that  area,  as  ascertained 
by  the  study,  was  225,368  pounds.  The  amount  collected  by  the 
Forest  Service  constituted,  therefore,  about  3  per  cent  of  the  total 
amount  of  seed  produced  that  year.  This  conveys  some  idea  of  the 
portion  of  seed  which  man  is  able  to  collect  out  of  the  total  amount 
produced  by  the  forest.  The  remainder  is  either  left  on  the  ground 
for  future  hatural  reproduction  or  is  destroyed  by  squirrels  and  other 
animals. 
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INTRODUCTION. 

Stock  raising  is  more  patently  influenced  by  and  dependent  upon 
its  physical  environment  than  most  other  industries  appear  to  be. 
The  topographic  and  cUmatic  conditions  are  fundamental,  because 
they  determine  the  kind  and  quantity  of  feed  the  animals  must  eat,  the 
temperature  and  other  extremes  they  must  endure,  and  the  various 
dangers  which  they  must  avoid. 

The  laws  and  customs  of  the  region  determine  the  character  of  the 
tenure  and  control  of  the  land  which  produces  the  feed  upon  which 
the  animals  subsist.  They  are  but  the  expression  of  the  pubHc  opinion 
that  warrants  the  existence  of  that  industry  in  that  place.  And  not 
less  important,  but  probably  less'  often  considered,  is  the  relation 
which  tiie  business  bears  to  other  industries  in  operation  in  the  same 
region.  From  this  standpoint,  the  industry  is  to  be  considered  as  in 
a  certain  stage  of  development  toward  a  better  and  more  complex 
adjustment  among  all  industries,  and  a  statement  of  its  present  con- 
dition must  be  taken  as  in  the  nature  of  a  report  of  progress.  It  is 
not  what  it  once  was,  nor  yet  what  it  will  be.     Thus,  while  we  are 

Note.— The  various  factors  influencing  the  live-stock  industry  in  New  Mexico,  especially  as  affecting 
range  management,  are  presented  and  discussed  in  this  bulletin. 
84»72'— Bull.  211—16 1 
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here  mainly  concerned  with  the  details  of  the  purely  physical  basis 
of  the  industry,  the  factors  of  control  and  relation  to  other  industries 
are  so  closely  connected  with  any  proper  kind  of  management  that 
they  must  be  considered  somewhat  at  length;  and  a  study  of  range 
conditions  is  but  preliminary  to  an  understanding  of  methods  of  man- 
agement and  the  requirements  necessary  for  the  further  improvement 
of  the  industry. 

THE  TOPOGRAPHY  OP  NEW  MEXICO. 

New  Mexico  is  almost  square  in  outline,  being  about  350  miles  long 
from  north  to  south,  nearly  as  wide  at  the  southern  end,  and  some- 
what narrower  along  the  northern  boundary.  Only  the  southern 
boundary  is  a  broken  line.  The  State  consists  essentially  of  a  high, 
arched  plateau,  the  axis  of  the  arch  being  near  the  middle  and  running 
north  and  south,  the  northern  end  being  higher  than  the  southern. 
This  plateau  is  about  7,000  feet  above  sea  level  at  its  highest  point  on 
the  northern  boundary  line  and  drops  to  about  3,500  feet  at  its  south- 
ern end. 

Apparently  resting  upon  this  plateau,  which  is  but  a  part  of  the 
great  Rocky  Mountain  upUft,  are  numerous  mountain  ranges  that 
seem  to  rise  out  of  the  sweeping  plains  as  islands  from  the  sea.  These 
mountains  are  of  two  fairly  well-defined  types — ^narrow,  rocky  ridges, 
with  but  a  scanty  covering  of  low  bushes  and  scattering  trees,  and 
great  moimtain  masses,  consisting  of  numerous  associated  ridges  more 
or  less  densely  covered  with  forests  and  woodland.  Nearly  all  the 
main  ranges  have  a  northerly  and  southerly  trend.  Some  of  the 
mountains  are  composed  of  granites,  rhyolites,  gneisses,  and  other 
igneous  and  metamorphic  rocks,  while  many  of  them  are  great  mono- 
clinal  piles  of  tilted,  stratified  rocks  with  sharp  escarpment  faces  upon 
one  side.  In  actual  altitude  they  range  from  less  than  5,000  feet  to 
more  than  14,000  feet,  there  being  numerous  peaks  and  ranges  over 
10,000  feet  high. 

Large  lava  flows  have  occurred  in  several  places,  resulting  in  sheets 
of  black,  vesicular  basalt,  covering  extensive  areas.  Associated  with 
these  flows  are  several  large,  extinct  volcanoes  and  numerous  small 
cones.  The  lava  sheets  have  done  much  to  modify  the  reUef  features, 
since  the  lava  (or  mal  pais,  as  it  is  locally  known)  is  harder  than  the 
imderlying  rocks  and  protects  them  from  erosion.  This  has  resulted 
in  a  number  of  high  mesas  and  buttes  that  almost  take  on  the  dimen- 
sions of  mountains.     (PI.  I,  fig.  1.) 

The  wide  stretches  of  seemingly  level  plains  that  lie  between  the 
mountain  ranges  are  nowhere  really  level.  Many  of  them  are  typical 
bolsons,  or  basins,  into  which  drains  all  the  water  that  falls  in  the 
region.  These  bolsons  are  independent  of  each  other  and  may  occur 
at  any  altitude  (PI.  I,  fig.  2).     The  San  Augustine  Plains  in  central 
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Socorro  County  and  the  Estancia  Valley  in  Torrance  County  are 
typical  examples.  These  plains  are  everywhere  dissected  by  dry 
watercourses,  or  arroyos,  which  serve  to  collect  the  flood  waters  that 
are  sometimes  temporarily  very  abimdant,  and  sheet  erosion  of  impro- 
tected  soil  surfaces  is  everywhere  very  rapid,  largely  because  of  the 
steep  gradient  of  even  that  part  of  the  surface,  which,  by  comparison 
with  the  bolder  relief  features,  seems  to  be  level.  Many  of  the  striking 
topK>graphic  features,  both  of  sculpture  and  deposition,  are  due  to 
wind  action.  On  the  eastern  side  of  the  State  the  mountains  and 
mesas  gradually  subside  into  the  wide  expanse  of  the  Staked  Plains, 
while  to  the  west  Arizona  is  but  a  repetition  of  the  alternation  of 
plains  and  mountains  so  characteristic  of  New  Mexico  but  at  a  sUghtly 
lower  general  level. 

The  river  valleys  are  narrow  and  not  infrequently  constricted  to  the 
river  channels  alone  or  '* boxed  in'*  where  they  cut  through  moun- 
tains or  mesas.  The  two  largest  rivers,  the  Rio  Grande  and  Rio 
Pecos,  run  entirely  or  almost  across  the  State  from  north  to  south. 
The  San  Juan  and  the  Gila  flow  out  of  the  State  westwardly  in  San 
Juan  and  Grant  Counties,  respectively,  while  the  northeastern  part 
of  the  State  contains  some  of  the  tributaries  of  the  Arkansas  River 
and  the  headwaters  of  the  Canadian,  all  of  which  flow  eastwardly. 
The  most  conspicuous  feature  of  all  these  streams  is  the  small  number 
of  permanent  tributaries  possessed  by  each  when  the  size  of  its  drain- 
age area  is  considered.  The  valley  bottoms  throughout  the  State, 
wherever  there  is  a  permanent  flow  of  water,  are  always  turned  into 
cultivated  fields,  and  many  acres  of  such  lands  produce  alfalfa. 
(PI.  II,  fig.  2.) 

CLIMATE. 

Precipitation. — Precipitation  is  everywhere  relatively  small  in 
amount  in  New  Mexico.  On  the  plains  of  the  southern  part  of  the 
State  and  in  all  of  the  river  valleys  outside  of  the  mountains  it  is 
always  scanty.  In  the  mountains  at  altitudes  of  5,500  feet  or  more 
it  is  more  abundant,  but  even  in  the  more  moist  regions  the  amount 
of  water  that  falls  during  the  year  is  rarely  equal  to  that  which  is  com- 
mon in  the  humid  regions  farther  east. 

To  say  that  there  is  a  summer  rainy  season  does  not  mean  what  the 
same  expression  teUs  in  regard  to  a  tropical  coimtry.  It  merely  says 
that  most  of  the  rain  of  the  year  comes  during  July,  August,  and  Sep- 
tember, and  that  this  is  the  growing  season  on  the  plains  and  almost 
everywhere  in  the  mountains.  In  some  of  the  higher  mountains, 
where  there  is  considerable  snow  during  the  winter,  the  ground  is  left 
wet  enough  by  the  melting  of  these  snows  to  cause  a  certain  spring 
and  early-rsummer  growth;  and  some  of  the  perennials  of  even  the 
drier  plains  put  out  thoir  blossoms  and  grow  some  new  leaves  in  May 
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and  June  each  year  if  there  has  been  a  normal  rainfall  the  previous 
summer.  But  it  is  true  of  practically  all  of  the  State  that  May  and 
June  are  the  driest  months  of  the  year,  and  summer  arrives  without 
any  heralding  by  spring.  It  has  been  said  that  there  are  but  two 
seasons  in  the  southern  valleys,  summer  and  late  fall,  and  the  longer 
of  these  is  summer.  The  summer  rains  usually  occur  as  rather  violent 
local  showers  of  short  duration.  The  water  falls  from  clouds  that  are 
high  above  the  earth,  and  the  air  next  the  ground  may  be  relatively 
dry;  in  fact,  it  is  not  infrequent  to  see  small,  high  clouds  that  are  evi- 
dently producing  some  rain,  but  the  water  evaporates  at  a  lower  level 
and  never  reaches  the  groimd.  Drizzling  rains  from  low-himg,  drift- 
ing clouds  that  roll  along  only  a  few  himdred  feet  above  the  earth  are 
only  occasional  anywhere  except  upon  the  cloud-capped  peaks  of  the 
high  mountains;  and  heavy  general  storms  moving  steadily  over  large 
areas  are  very  rare. 

A  study  of  the  United  States  Weather  Bureau  reports  indicates 
that  there  are  two  factors  fimdamental  in  nature  which  determine 
in  a  general  way  what  the  average  precipitation  of  any  point  in 
the  State  shall  be.  The  first  of  these  is  the  well-known  relation 
between  precipitation  and  altitude,  depending  upon  the  effect  of 
forcing  currents  of  moisture-laden  warm  air  to  higher  atmospheric 
levels  through  the  upward  deflection  of  such  currents  by  the  moun- 
tains. It  thus  happens  that,  other  things  being  equal,  the  precipita- 
tion increases  with  altitudinal  increase,  though  not  always  in  a  direct 
ratio. 

The  average  precipitation  of  any  station  in  the  State  also  seems 
to  be  in  some  way  dependent  upon  its  distance  from  the  southeast 
comer.  If  localities  having  the  same  altitude  be  considered,  it 
appears  that  those  in  the  southeastern  comer  have  the  greatest 
average  rainfall,  and  that  this  rainfall  gradually  diminishes  as  one 
goes  west  and  north.  This  fact  would  seem  to  suggest  that  the 
source  of  the  moisture  lies  to  the  southeast,  possibly  the  Gulf  of 
Mexico.  Local  factors  enter  into  the  case,  sometimes  decreasing, 
sometimes  augmenting  the  amoimt  of  precipitation  for  a  particular 
location.  Some  of  the  extreme  records  for  the  State  follow  and  will 
give  an  idea  of  the  limits  of  variation.  A  normal  rainfall  chart  for 
New  Mexico  has  been  published  by  the  State  immigration  bureau. 

The  maximum  precipitation  in  the  State  recorded  for  any  single 
calendar  year  is  for  Elk,  39.1  inches,  in  1905.  There  is  possibly 
some  inaccuracy  m  this  record,  or  thfe  station  is  subjected  to  local 
conditions  which  tend  to  increase  the  normal  expectancy  for  this 
altitude,  7,400  feet.  Cloudcroft  (8,650  feet)  received  32.32  inches 
in  1905;  Chama  (7,851  feet)  received  32.83  inches  in  1891;  and  the 
highest  record  for  Wmdsor  (8,200  feet)  is  27.92  inches  in  1907.  The 
lowest  records  occur  in  the  lower  valleys.    San  Marcial  (4,439  feet) 
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FiQ.  1.— View  in  the  Northeastern  Part  of  New  Mexico,  Showing  the  Topog- 
raphy AS  Affected  by  Lava  Sheets. 


Fig.  2.— a  Typical  Bolson,  or  Basinlike  Mesa,  in  the  Southern  Part  of  New 
Mexico,  Showing  the  Shrubby  Association  on  the  Gravelly  Portions  of 
Such  an  Area. 
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FiQ.  1.— An  Ar€a  in  New  Mexico  Having  a  Typical  Compact  Growth  of  Blue 
Grama,  Common  on  the  Northern  Plains. 


FiGu  2.— A  Small  Valley  in  the  Northern  Part  of  New  Mexico,  Showing  Irri- 
gated Lands  Producing  Alfalfa. 

The  growth  showu  in  the  foreground  Is  typical  of  the  unirrlgated  land  of  the  region  when 
the  range  is  protected. 
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received  3.44  inches  in  1894;  MesiUa  Park  (3,863  feet)  received 
3.49  inches  in  1873;  Deming  (4,333  feet)  received  3.42  inches  in 
1910,  while  the  same  year  Carlsbad  (3,120  feet)  received  only  3.95 
inches. 

The  variation  in  the  amount  of  precipitation  from  year  to  year 
is  also  great.  An  extreme  case  is  shown  at  Mesilla  Park.  In  a 
record  for  this  region  extending  over  47  years,  the  average  rainfall 
is  8.62  inches.  For  five  of  those  years  the  total  amount  was  just 
about  half  of  the  normal  supply.  Five  other  years  show  from  one 
and  one-half  to  nearly  two  times  the  average.  It  will  thus  be  seen 
that  there  is  a  range  from  the  lowest  amount  recorded,  3.49  inches, 
to  almost  five  times  that  amoimt,  17.09  inches,  the  highest  record. 
For  one  period  of  ten  consecutive  years  the  total  annual  precipita- 
tion was  each  year  below  the  average  quoted  above,  and  periods  of 
three  to  five  years  in  which  the  annual  rainfall  is  two-thirds  of  the 
normal  or  less  have  occurred  three  times  within  the  time  for  which 
the  observations  have  been  made. 

Snow  occurs  at  some  time  every  winter  at  all  points  in  the  State. 
At  the  lower  levels  the  occurrence  is  rare  and  the  quantity  that 
falls  is  smaU,  nor  does  it  lie  long.  In  the  higher  moimtains  of  the 
northern  part  of  the  State  considerable  of  the  precipitation  comes 
as  snow,  and  in  favorable  locations  it  drifts  and  lies  for  most  of  the 
winter.  From  such  regions  stock  are  excluded  for  at  least  part  of 
the  year. 

Cloudy  weather  is  the  exception,  and  one  bright  sunshiny  day 
after  another  is  the  rule  throughout  the  State. 

Temperature, — The  most  characteristic  peculiarity  of  the  tem- 
perature and  one  which  applies  at  aU  points  in  the  State  is  the  great 
range  which  occurs  yearly,  monthly,  and  daily.  A  daily  range 
of  45**  F.  is  not  imcommon,  and  one  of  30**  or  more  may  be  said 
to  be  almost  the  rule.  This  condition  is,  of  course,  due  to  the  altitude 
and  the  lack  of  moisture  in  the  air. 

The  mean  temperatures  of  different  localities  are  exceedingly 
misleading  when  one  is  considering  climate  in  New  Mexico,  because 
they  are  made  up  of  high  maximum  and  low  minimimi  temperatures. 
Thfa  statement  applies  to  aU  the  means,  daily,  monthly,  and  annual. 
The  highest  recorded  temperature  for  the  State  is  113**  F.  at  San 
Marcial.  A  summer  maximum  of  over  100**  F.  is  common  for  many 
of  the  stations  at  the  lower  altitudes.  The  higher  elevations,  of  course, 
have  lower  temperatures.  The  absolute  minimum  temperatures 
recorded  for  the  different  stations  range  from  4**  to  —29**  F.,  and 
there  is  always  a  winter  season  of  three  months  or  more  anywhere 
in  the  State  during  which  one  may  expect  it  to  freeze  any  night. 
This  condition  would  hardly  be  expected  when  one  considers  the 
latitude  alone  and  is  another  consequence  of  high  altitude  and  aridity. 
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When  it  is  remembered  that  the  months  of  spring  and  early  summer 
are  usually  quite  dry,  as  well  as  cold  at  night,  the  late  starting  of  the 
native  plants  is  explained.  At  high  elevations  the  growing  season 
is  short,  and  above  8,500  feet  frosts  are  recorded  for  almost  every 
month  in  the  year. 

Wind  motion, — ^Wind  motion  is  an  important  climatic  factor 
throughout  the  State.  The  air  is  nearly  always  dry  and  frequently 
very  dry,  and  the  wind  blows  much  of  the  time.  The  spring  is 
apt  to  be  particularly  windy,  and  the  most  violent  sand  storms  are 
usually  accompanied  by  low  humidity  and  consequent  rapid  evapora- 
tion. Many  young  seedlings  are  dried  out  or  cut  otf  by  the  sand 
during  these  windstorms,  and  much  damage  is  done  to  cultivated 
crops  even  in  the  irrigated  fields. 

Exposure. — ^DiflFerences  in  exposure  to  the  sxm's  rays,  arising  from 
the  direction  of  slope  of  all  hills  and  mountain  sides,  cause  striking 
differences  in  the  climate  of  stations  at  the  same  level  and  near 
together,  with  the  consequent  differences  in  vegetation.  This 
effect  is  readily  seen  when  traversing  a  mountain  canyon  that  runs 
east  or  west.  The  north-facing  slope  is  always  occupied  by  a  plant 
association  entirely  different  from  that  of  the  south-facing  slope  at 
similar  altitudes  above  the  bottom  of  the  canyon. 

Vegetation, — Notwithstanding  the  various  unfavorable  climatic 
conditions  that  plants  must  be  able  to  endure,  there  is  a  covering  of 
vegetation  of  some  kind  practically  aU  over  the  State  except  locally  in 
spots  where  the  soil  is  of  drifting  sand  or  so  alkaline  as  to  kill  plants, 
or  on  the  flat  play  as  that  are  subject  to  occasional  inundation,  or  on 
exposed  rocky  surfaces  where  there  is  little  or  no  soil.  This  vegeta- 
tion is  frequently  very  scanty  and  scattered,  often  scrubby  and  spiny, 
showing  in  many  ways  its  adaptation  to  a  scanty  supply  of  water. 
Many  of  the  plants  are  valueless  as  forage,  but  many  times  more  are 
good  for  this  purpose,  and  when  examined  in  detail  the  wonder  grows 
that  so  many  and  not  so  few  are  usable  by  stock  at  one  time  or 
another. 

*^  Finally,  it  is  clear  that  man,  whether  by  reforestation  or  deforest- 
ation, by  flooding  a  desert  or  by  draining  a  swamp,  can  produce  no 
important  or  extended  modifications  of  natural  climate.  This  is  gov- 
erned by  factors  beyond  human  control."  * 

There  seems  to  be  no  doubt  of  the  correctness  of  this  generaliza- 
tion. But  it  is  possible  to  materially  improve  or  impair  the  living 
conditions  for  humanity  in  a  given  region  by  the  management  of 
those  industries  that  man  carries  on  which  are  dependent  upon  the 
adaptation  of  these  industries  to  the  existing  climate  of  that  region. 
The  truth  of  this  statement  is  recognized  without  question  in  a  humid 

»  Ward,  R.  de  C.    Climate  ...  p.  363,  New  York,  1W8. 
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region  and  accepted  as  the  natural  order  of  things;  but  it  is  of  vastly 
more  importance  in  regions  of  scanty  rainfall.  Here  any  kind  of 
management  that  permits  6t  assists  in  the  waste  of  water  in  any 
way  tends  in  the  long  run  to  the  desiccation  of  the  region.  Hence, 
any  practice  that  increases  the  rapidity  or  amount  of  superficial  run- 
off or  increases  the  evaporation  of  water  (other  than  that  which  passes 
through  the  bodies  of  growing  plants)  makes  for  the  gradual  drying 
out  and  increased  sterility  of  the  region.  These  processes  are  cumu- 
lative, and  regions  that  are  easily  habitable  imder  one  kind  of  treat- 
ment may  be  gradually  changed  to  desert  wastes  by  another  pro- 
cedure which,  to  the  careless  observer,  does  not  seem  materially 
different  from  the  first. 

SOILS. 

Speaking  very  generally,  the  soils  of  most  localities  in  the  State 
have  been  formed  almost  in  situ  by  the  disintegration  of  the  under- 
lying or  near-by  rocks  and  necessarily  have  the  chemical  composi- 
tion arising  from  the  breaking  up  of  these  rocks,  mechanical  or  chem- 
ical, or  both.  The  soils  of  the  river  valleys  have  been  transported 
considerable  distances  and  the  particles  assorted  to  size  by  the  action 
of  the  water.  They  consist  mostly  of  sand  or  adobe  and  are  uniform 
in  character  and  depth  only  for  very  short  distances,  because  of  the 
great  variations  in  the  volume  and  velocity  of  the  waters  of  the 
streams  that  have  deposited  them. 

The  soils  of  the  larger  and  higher  moimtains,  wherever  they  occur, 
are  mostly  a  rather  rich  loam,  due  to  the  nearly  complete  chemical 
decomposition  of  the  rocks,  and  contain  considerable  humus  derived 
from  the  vegetation  of  such  regions.  The  foothills  of  the  mountains 
are  mostly  flanked  by  talus  slopes  and  outwash  plains  composed  of 
partially  disintegrated  rock  particles  of  various  sizes,  forming  grav- 
elly ridges  and  slopes  in  which  proper  soil  particles  constitute  only  a 
small  part  of  the  volume. 

The  soils  of  the  plains  and  bolsons  are  largely  wind-blown  sand  or 
loess.  In  the  bottoms  of  the  basins  such  soils  are  sometimes  deep, 
but  mostly  they  form  only  a  thin  layer. 

Wherever  the  water  collects,  evaporation  goes  on  rapidly,  with  a 
consequent  accumulation  of  the  soluble  salts  of  sodium  and  calcium 
known  as  alkali.  Alkah  often  occurs  in  the  river  valleys  in  the  soil 
of  terraces  whose  surfaces  are  but  2  or  3  feet  above  the  water  table, 
as  a  result  of  the  concentration-  of  these  salts  at  the  surface  by  evapo- 
ration. 

The  lava-covered  areas  are  in  places  but  bare  black  rock,  with  scat- 
tered patches  of  loess  or  sand  in  depressions  and  behind  projecting 
angles.  In  other  places,  where  the  lava  is  older,  the  basalt  has  de- 
composed to  a  rich  reddish  loam,  a  soil  that  is  recognizedly  one  of 
the  best. 
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Outside  of  the  timber-covered  mountains,  the  soils  have  little  or 
no  humus,  because  the  conditions  are  unfavorable  for  the  production 
or  decomposition  of  any  large  amoimt  of  vegetable  matter. 

A  characteristic  feature  of  many  of  the  plains  is  a  layer  of  white, 
calcareous  material,  a  few  to  several  uiches  in  thickness,  lying  a  foot 
or  so  below  the  surface.  This  is  known  as  caliche,  or  hardpan,  and 
is  probably  a  concentration  of  this  material  leached  from  the  lower 
soil  layers  by  an  upward  movement  of  the  soil  water  due  to  pro- 
longed surface  evaporation. 

SUBDIVISIONS  OP  THE  LAND. 

New  McTdco  contains  a  little  less  than  78,500,000  acres  of  land. 
According  to  the  Thirteenth  Census  (1909  data),  11,270,021  acres,  or 
14.4  per  cent  of  the  total  area,  were  included  in  farms.  This  desig- 
nation is  quite  misleading,  as  will  be  seen  farther  on;  it  certainly  does 
not  mean  that  that  much  land  is  imder  cultivation. 

Of  the  above-named  area,  1,467,191  acres — only  1.9  per  cent  of  the 
total  area  of  the  State  and  13  per  cent  of  the  area  reported  as  included 
in  farms — ^were  improved  land.  The  same  authority  states  that  35.9 
per  c«nt  of  the  farms  were  irrigated  and  that  these  irrigated  farms  con- 
tained 31.5  per  cent  of  the  improved  land.  Irrigation  plants  then  in 
existence  were  able  to  water  644,970  acres,  and  irrigation  projects 
were  then  completed  or  under  way  that  would  irrigate  1,102,291  acres. 

Newell  *  estimates  the  total  water  supply  of  the  State  as  sufficient 
to  irrigate  4,000,000  acres.  The  governor's  report  for  1909-10' 
states  that  '*  thorough  investigations  which  have  been  carried  on 
during  the  past  four  years  by  the  engineering  department  show  con- 
clusively that  we  have  no  less  than  3,000,000  acres  which  may  be 
reclaimed  by  practicable  diversion,  storage,  and  pumping  projects.'* 

The  area  of  farming  land  has  been  markedly  increased  within  the 
past  six  or  seven  years  by  the  introduction  of  the  so-called  dry- 
fanning  methods  in  the  eastern  part  of  the  State.  Some  of  the  best 
land  of  northeastern  Eddy  and  eastern  Chaves  Counties  and  con- 
siderable of  that  in  Roosevelt,  Curry,  Quay,  Torrance,  Guadalupe, 
San  Miguel,  Mora,  Union,  and  Colfax  Counties 'has  been  patented, 
and  some  small  part  of  it  has  been  improved.  Estimates  made  by 
men  weU  acquainted  with  the  development  going  on  in  that  region 
place  the  area  of  this  land  under  cultivation  in  1911  at  417,000  acres, 
and  these  estimates  are  believed  to  be. conservative.  The  year  1912 
saw  more  of  it  in  cultivation  than  ever  before,  but  in  1914  the  greater 
part  of  it  was  not  cultivated  and  many  of  the  farms  were  deserted. 

It  is  probable  that  this  change  in  the  method  of  using  this  land 
will  ultimately  increase  the  total  number  of  stock  grown  in  the  State, 

>  Newell,  F.  TI.    Irrigation  in  the  United  States,  p.  53.    New  York,  1902. 

» Curry,  George.    Report  of  the  Qovemor  of  New  Mexico  to  the  Secretary  of  the  Interior.    [1W0}-10,  p. 
24.    Washington,  1910. 
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after  the  people  have  become  adjusted  to  the  conditions  of  the  region. 
No  exact  data  are  available  as  to  the  total  area  that  may  be  culti- 
vated in  this  way,  but  an  estimate  by  good  authorities  places  it  at 
approximately  15,000,000  acres,  which  is  doubtless  large  enough  to 
cover  aU  possibilities. 

The  national  forests  of  the  State  now  contain  9,881,660  ^  acres  of 
more  or  less  densely  timber-covered  lands,  practically  aU  of  which  is 
used  as  grazing  land  for  at  least  a  part  of  the  year. 

Large  areas  are  included  in  the  old  Spanish  land  grants,  but  much 
of  this  land  is  unfenced  and  is  treated  as  open  range.  That  portion 
of  it  which  is  arable  is  included  in  the  farming  lands  previously 
referred  to;  the  remainder  is  grazing  land  of  greater  or  less  value. 

As  an  endowment  for  the  public  educational,  penal,  and  charitable 
institutions,  several  million  acres  of  land  have  been  given  to  the  State 
by  the  Federal  Government,  and  these  lands  are  managed  by  a  State 
commissioner  of  public  lands.  Much  of  this  land  is  leased,  and  doubt- 
less most  of  it  will  be  in  the  not  distant  future. 

Large  areas  of  land  (about  4,000,000  acres)  were  given  to  some  of 
the  transcontinental  railroads  when  they  were  first  built,  but  con- 
siderable of  it  has  been  surrendered  for  lieu-land  scrip  or  sold  outright. 
About  one-half  of  their  present  holdings  of  2,500,000  acres  is  rented 
for  grazing  purposes,  but  none  of  it  is  fenced. 

About  5,000,000  acres  of  land  are  held  in  Indian,  miUtary,  and  other 
Government  reservations,  not  including  the  national  forests.  Stock 
is  nm  on  most  of  this  land,  sometimes  by  the  Indians  themselves,  or 
the  land  is  leased  for  grazing  purposes  by  the  agents  in  charge. 

On  July  1,  1913,  there  were  31,298,621  acres  of  Government  land 
open  for  entry  in  the  State  of  New  Mexico,  almost  all  of  which  is 
classified  as  broken  or  grazing  land.  It  is  probably  safe  to  say  that 
40  per  cent  of  the  total  area  of  the  State  is  still  Government  land, 
and  therefore  used  without  legal  right  and  controlled  only  by  custom. 
It  is  also  true  that  many  of  the  State  lands  and  the  Mexican  grant 
lands  that  might  be  placed  under  legal  control  for  one  reason  or 
another  are  not  so  controlled  to-day,  though  this  is  a  continually 
decreasing  area. 

A  careful  analysis  of  these  data  shows  that  but  a  relatively  small 
part  of  the  State  is  fitted  for  the  growing  of  field  crops,  and  it  empha- 
sizes the  fact  that  by  far  the  greater  part  of  the  total  area,  under 
whatever  form  of  tenure  it  may  be  held,  is  grazing  land  and  is  hkely 
to  remain  so,  at  least  imtil  some  method  of  farming  with  a  smaller 
supply  of  water  is  developed. 

»  Apr.  1, 1914.    The  gross  area  includes  over  1,000,000  acres  of  alienated  lands. 
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RELATIVE  IMPORTANCE  OP  STOCK  RAISING. 

Manufacturing  in  the  Territory  is  still  in  its  infancy.  The  mining  of  coal,  copper, 
gold,  and  silver  are  of  considerable  importance,  but  the  principal  pursuits  are  stock 
raising  and  agriculture.' 

It  is  somewhat  difficult  to  get  reliable  statistics  concerning  the 
relative  economic  importance  of  stock  raising  in  New  Mexico,  because 
the  summaries  made  in  most  reports  do  not  have  their  component 
factors  combined  in  the  same  manner  and  are  therefore  not  cona- 
parable.  The  Territorial  and  State  auditors'  annual  reports  have 
been  compiled  from  the  county  assessors'  reports  and  show  only  the 
property  returned  for  taxation.  This  showing  is  confessedly  inac- 
curate, being  always  less  than  the  actual  facts,  especially  as  to  the 
number  of  range  animals,  which  are  almost  never  counted,  the 
returns  being  based  upon  an  estimate.  And  taxation  values  are 
always  based  upon  some  percentage  less  than  100  of  the  current 
selling  price  at  the  time  of  making  up  the  returns. 

The  figures  collected  by  the  United  States  Census  Bureau  for  the 
Thirteenth  Census  are,  in  the  opinion  of  the  present  State  auditor, 
probably  sUghtly  in  excess  of  the  actual  facts.  These  figures,  however, 
are  perhaps  the  most  accurate  of  any  available,  and  in  so  far  as  they 
are  usable  for  our  present  purpose  they  will  constitute  our  most  reliable 
data.  Unfortunately,  t(he  system  adopted  in  the  grouping  of  some  of 
the  items  is  not  designed  to  bring  out  the  comparisons  we  wish  to  make. 
This  report  does  not  differentiate  between  the  range  lands  and  the 
agricultural  or  cultivated  lands.  All  patented  lands  are  referred  to  as 
*'Land  in  farms,"  and  the  subdivisions  '* Improved  land  in  farms," 
*'  Woodland  in  farms,"  and  *'  Other  imimproved  land  in  farms"  do  not 
assist  in  separating  the  areas  of  land  used  as  actual  farming  land  from 
the  proper  range  lands. 

There  is  evidently  some  difference  in  the  classification  of  the  lands 
given  in  the  census  report  and  the  Territorial  auditor's  report  for  the 
same  year,  1909,  since  the  latter  shows  a  larger  acreage  xmder  the 
heads  of  grazing  and  agricultural  lands  together  than  all  the  '*  Land 
in  farms"  as  given  in  the  former,  and  there  can  be  no  doubt  that  the 
auditor^s  report  is  not  in  excess  of  the  actual  taxable  acreage,  since 
taxes  were  assessed  on  aU  the  lands  so  listed.  There  can  hardly  be 
any  doubt,  either,  that  the  group  ''Land  in  farms"  of  the  census 
report  is  intended  to  include  agricultural  and  grazing  lands,  though 
some  of  the  lands  used  for  grazing  may  have  been  reported  to  the 
census  taker  as  mineral  or  timber  lands,  or  part  of  the  proper  timber 
or  mineral  lands  may  have  been  returned  as  grazing  land  in  the 
auditor's  report  in  order  to  benefit  by  a  lower  rate  of  taxation. 

Since  practically  aU  timber  and  mineral  lands  are  used  as  grazing 
lands  and  since  there  is  very  little  opportunity  to  falsify  the  returns 
of  land  acreage,  the  figures  given  in  the  auditors'  reports  are  probably 
very  close  to  the  truth  regarding  the  division  of  the  patented  lands 
between  the  grazing  and  agricultural  industries. 

1  United  States  13th  Census,  1910,  v.  9,  Manufactures,  Reports  by  States,  p.  7S7.    1912. 
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In  Table  I  is  shown  a  summary  of  the  number  of  acres  of  land,  both 
grazing  and  agricultural,  and  the  nimiber  of  domestic  animals  (omit- 
ting swine  and  fowls)  that  were  returned  for  taxation  in  the  years 
1909,  1910,  1911,  1912,  and  1913.  In  column  3  of  this  table  is  shown 
the  report  of  the  Thirteenth  Census  upon  the  same  subjects,  while  in 
column  2  appears  the  factor  by  which  the  auditor's  number  for  1909 
must  be  multipHed  in  order  to  produce  the  census  number  for  the 
same  item  the  same  year.  This  column  of  figures  is  interesting  as 
showing  the  correctness  of  the  auditor's  generalization  that  the  valua- 
tions returned  for  assessment  have  been  for  a  number  of  years  scarcely 
50  per  cent  of  the  actual  value  of  the  property. 

From  this  table  may  be  seen  the  area  of  patented  land  used  in 
stock  raising  ^  and  that  which  is  under  cultivation  in  some  kind  of 
f ann  crops.  It  should  be  kept  in  mind  that  about  5  per  cent  of  the 
cattle  are  dairy  cows  and  are  on  the  agricultural  lands  or  in  the  towns, 
that  probably  two-fifths  to  one-half  of  the  horses  are  also  on  the 
farms  or  in  the  towns,  as  are  practically  all  of  the  mules,  and  that 
nearly  all  the  sheep,  goats,  and  burros  are  range  animals,  the  number 
of  these  animals  that  are  kept  on  the  farms  or  in  the  towns  being  so 
small  a  percentage  of  the  whole  as  to  be  negligible. 

Table  I. — Comparison  of  the  reports  of  the  Territorial  and  State  auditors  of  New  Mexico 
for  the  last  five  years  with  the  Thirteenth  Census  report. 


Land  and  animals. 


Land  (acres): 


Qntzlng. . 
Agrloultural. 


Farms. 
Liy  e       stock 
(number): 
Cattle  (all 

kinds) 

Horses 

Mules 

Burros. , 

Sheep 

Goats , 


Factor. 


2.48 
2.02 
1.69 
2.81 
2.27 
2.24 


Thirteenth 
Census 
(1909). 


n,270,021 


1,061,663 
171,525 
14,937 
11,853 
3,346,984 
412,060 


1909 


11,180,169 
12,164,952 
S13,345,U1 


480,558 

84,847 

8,804 

4,207 

1,472,866 

183,872 


11,218,866 

1,736,776 

212,954,111 

11,572,790 

1,774,049 

»13,3«,839 

390,155 

79,7U 

9,239 

4,722 

1,368,460 

151,639 

359,308 

74,963 

9,145 

5.146 

1,280,467 

133,734 

1911 


1912 


12,654,535 

2,443,875 

s 15, 098, 410 


386,565 

83,936 

9,248 

5,555 

1,463,691 

145,165 


1913 


13,686,833 

2,696,426 

si6,383«259 


570,939 

104,253 

9,638 

5,794 

1,693,970 

190,658 


1  To  understand  why  more  agricultural  land  was  returned  in  1909  than  In  1910  and  1911,  it  is  neces- 
sary to,  remember  that  1909  was  a  year  of  large  influx  of  settlers  into  the  dry-farming  area.  The  next  year 
was  dry  and  manv  claims  were  deserted,  and  much  of  the  land  was  returned  as  grazing  land  after  title 
had  been  obtained  bv  commuting. 

s  This  is  the  sum  or  the  area  of  grazing  and  agricultural  lands  and  is  comparable  with  the  Census  report 
figures. 

Figures  1,2,  and  3  show  the  approximate  density  of  distribution  of 
range  animals  by  coimties.  These  charts  were  prepared  from  the 
Thirteenth  Census  reports  and  are  from  enumerations  made  in.  1909. 

1  This  takes  no  account  of  the  large  area  of  State  lands  leased  for  grazing,  the  national  forests  grazed  under 
a  permit  system,  or  the  immense  area  of  Oovemment  lands  used  without  charge  of  any  kind. 
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As  will  be  seen  by  consulting  Table  I,  these  figures  are  greatly  in  ex- 
cess of  the  latest  available  tax  returns  (1913),  but  if  the  tax  returns 
for  1913  are  compared  with  those  for  1909  it  will  be  observed  at  once 
that  the  numbers  of  different  kinds  of  stock  returned  for  the  two 
years  are  not  very  dissimilar.  There  are  some  fluctuations  in  the 
returns  for  the  different  coimties,  but  the  general  variations  are  small. 
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Fia.  l.-^Outline  map  of  New  Mexico,  showing  the  distribution  (by  counties)  of  cattle  of  all  kinds  and 
dairy  cows,  according  to  the  Tliirteenth  Census. 

The  charts  show  the  ordinary  geographic  distribution  and  relative 
importance  of  each  kind  of  stock  as  well  as  it  could  be  presented  with- 
out assuming  much  smaller  units  of  area  requiring  more  detailed  data. 
From  these  diagrams  we  learn  that  the  central,  northern,  and  north- 
eastern parts  of  the  State  are  most  heavily  stocked  with  sheep,  while 
the  southwestern,  southeastern,  and  northeastern  corners  are  more 
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heavily  stocked  with  cattle.  Horses,  mules,  and  burros  are  about 
uniformly  distributed  over  the  State,  and  goats  occur  mainly  in  the 
southwest  comer  and  in  the  north-central  part. 

Table  II  shows  the  percentage  of  the  total  valuation  which  each 
large  group  of  property  represents  in  the  assessment  returns.    It  is 
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Fio.  2.— Outline  map  of  New  Mexico,  showing  the  distribution  (by  counties)  of  sheep,  according  to  the 

Thirteenth  Census. 

recognized  that  the  valuations  ascribed  are  not  correct,  but  the 
general  reduction  in  values  is  so  nearly  uniform  as  to  make  the  per- 
centages of  valuation  represented  by  each  class  of  property  quite 
accurate.  The  relative  importance  of  the  different  classes  of  property 
is  also  indicated. 
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Table  II. — Percentage  of  the  total  assessed  valuation  in  New  MexicQ  oontributed  by  each 

different  kind  of  property. 

[Data  taken  from  Territorial  and  State  auditors'  reports.] 


Classes  of  property. 


1900 


1910 


1911 


1912 


1913 


Railroads 

City  property  and  improvements 

Agricultural  lands  and  improvements , 

Orating  lands  and  improvements 

Cattle  (all  kinds)*. 

Merchandise 

Sheep  and  goats  (all  kinds) 

Stocks,  bonds,  money,  public  utilities,  mills,  etc 

Household  goods,  musical  instruments,  watches, 
clocks,  sewing  machines,  vehicles  of  all  kinds, 
saddles,  harness,  farming  implements,  etc 

Mineral  and  timber  lands,  with  all  improvements 
and  products ^ 

Horses,  mules,  and  burros 

All  other  property 


Percent. 
24.218 
17.621 
12.220 
13.383 
7.042 
4.683 
4.427 
4.043 


3.532 

3.434 
3.022 
2.376 


Percent. 
25.056 
18.512 
13.444 
13.082 
5.917 
4,637 
4.127 
3.645 


8.460 

8.404 
2.849 
L867 


Percent. 
24.807 
18.142 
18.976 
14.595 
5.392 
4.438 
3.847 
8.739 


8.870 

3.844 
2.622 
1.738 


Percent. 
26.460 
15.929 
14.920 
14.238 
5.809 
3.733 
8.070 
3.448 


8.123 

5.090 
2.632 
1.919 


Percent, 
82.826 
13.942 
14.275 
11.009 
7.139 
3.212 
2.821 
3. 722 


2.115 


4.808 
2.377 
1.614 


Table  III  is  a  grouping  of  the  percentages  taken  from  Table  II, 
which  shows  approximately  what  part  of  the  total  tax  valuation  of 
the  property  of  the  State  is  invested  as  capital  in  the  business  of 
stock  raising.  The  data  available  do  not  permit  of  an  accurate 
distribution  of  land  area  and  improvements,  stock,  and  other  property 
so  as  to  show  the  exact  relation  of  stock  raising  to  agriculture  and 
other  forms  of  industry,  but  the  estimates  offered  in  Table  III  do 
show  the  percentage  values  of  grazing  land,  improvements,  and 
stock  upon  the  ranges.  If  the  proper  percentage  of  the  valuation 
of  vehicles,  saddles,  harness,  farm  implements,  and  household 
property  belonging  to  and  being  used  in  the  stock-raising  industry 
be  added  to  the  totals  given  in  this  table,  it  will  be  seen  that  the 
business  utilizes  about  one-fourth  of  the  taxable  property  in  the 
State,  to  say  nothing  of  the  value  obtained  from  the  use  of  public 
lands. 

Table  III . — Approximation  of  the  percentage  of  the  assessed  valuation  of  the  property  of 
New  Mexico  that  is  invested  as  capital  in  the  stock-raising  industry. 


Property. 

1909 

1910 

1911 

1912 

1913 

Grazing  land  and  Improvements 

Percent, 
13.383 
6.090 
4.427 

i.5n 

PereenL 

13.062 

5.621 

4.127 

1.424 

Percent, 
14.595 
5.122 
8.847 
1.811 

Pereem. 

14.238 
5.519 
3.079 
1.316 

Pereem. 
11.000 

Total  cattle  (loss  dairy  cows  —  6  per  cent) 

6.782 

Total  sheep  and  goats  (ail  kinds f. .         '  

2.821 

One-half  total  horses,  mules,  anc  burros 

1.188 

Total 

26.011 

24.054 

24.875 

24.152 

21.800 

Judged  as  an  industry  by  the  capital  invested  in  the  business,  stock 
raising  stands  second  in  importance  to  the  railroads  only,  and  it  has 
reached  this  status  but  recently,  partly  by  a  marked  increase  in  the 
valuation  of  the  railroad  property  for  taxation  by  the  assessor.  It  b 
directly  comparable  on  the  same  basis  to  farming  as  an  industry, 
which  it  surpasses  slightly.    It  very  noticeably  exceeds  in  taxable 
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valuation  all  the  city  and  town  property  of  the  State;  and  when  we 
take  into  consideration  that  it  is  a  productive  business,  continually 
bringing  into  existence  new  wealth  and  not  merely  shifting  value 
from  one  holder  to  another,  the  importance  of  the  industry  is  still 
more  apparent  and  it  becomes  at  once  one  of  the  most  important 
industries,  if  not  the  most  important  industry,  of  the  State. 


r 


•  •  topo  Head 
Tota/ Number  of /fn/mo/3   ^2,050 


Fio.  3.— Oatline  map  of  New  Mexico,  showing  the  distribution  (by  counties)  of  goats,  according  to  the 

Thirteenth  Census. 

LEGAL  STATUS  OP  THE  BUSINESS. 

Every  business  must  have  a  proper  standing  before  the  law. 

There  is  a  steadily  increasing  demand  for  beef  and  mutton,  hides 
and  wool, 'and  the  supplying  of  this  demand  is  recognized  as  a  legiti- 
mate business. 

The  cheap  production  of  these  commodities  calls  for  the  use  of 
large  bo(iies  of  low-priced  lands. 
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New  Mexico  has  large  areas  of  cheap  land  upon  which  these  prod- 
ucts may  be  grown  and  which  are  not  well  suited  to  any  other  busi- 
ness. 

Naturally  they  have  been  occupied  by  stockmen,  but  the  difficulty 
of  obtaining  and  maintaining  control  of  the  land  has  materially 
retarded  the  natural  growth  of  the  industry,  and  to-day  this  lack  of 
legalized  control  of  the  land  is  not  only  reducing  the  output  and 
rendering  the  business  precarious,  but  is  causing  marked  deteriora- 
tion of  the  range  itself,  besides  causing  great  and^  frequent  losses  of 
valuable  property,  to  say  nothing  of  the  suffering  of  thousands  of 
animals  that  die  of  starvation. 

A  careful  examination  into  the  conditions,  laws,  and  customs  now 
controlling  the  business  is  here  attempted. 

Under  another  heading  attention  has  been  called  to  the  relative 
areas  of  land  held  under  legal  tenure  of  one  kind  or  another.  It  is  of 
importance  to  know  how  possession  of  the  Government  lands  is 
maintained  and  to  understand  how  this  form  of  tenure  affects  the 
stock-raising  industry. 

It  must  be  kept  in  mind  that  only  such  land  to  which  the  claimant 
has  title  or  right  or  is  in  process  of  obtaining  such  title  by  the  method 
prescribed  by  the  land  laws  may  be  inclosed  with  a  fence.*  To  this 
group  belong  (1)  the  patented  homesteads,  desert  claims,  timber 
claims,  Ueu-land  selections,  or  all  Government  lands  that  have  been 
filed  upon  according  to  some  existing  land  law;  (2)  all  railroad  land 
grants  which  have  not  been  exchanged  for  lieu-land  scrip;  (3)  all  the 
lands  included  in  the  old  Mexican  land  grants  that  have  been  con- 
firmed by  the  courts;  (4)  the  State  lands  which  have  been  given  to 
the  State  by  the  National  Government  as  an  endowment  for  its 
educational,  penal,  and  charitable  institutions,^  and  (5)  land  held  in 
small  areas  imder  mineral  claims,  such  areas  being  held  from  one 
year  to  the  next  by  performing  the  assessment  work  each  year.  It 
goes  without  saying  that  all  such  lands  may  be  fenced  and  con- 
trolled according  to  the  will  of  the  claimants. 

All  other  lands,  not  including  various  reservations  like  national 
forests,  Indian  reservations,  etc.,  are  Government  lands  and  accord- 
ing to  the  ruhngs  of  the  General  Land  Office  may  not  be  inclosed 
with  a  fence.  They  are  pubUc  property  and  in  the  sight  of  the  law 
may  be  used  by  everybody  in  general  and  nobody  in  particular. 
This  situation  arises  as  the  result  of  lack  of  legislation  concerning  the 

1  Under  certain  conditions  special  i)ermissioD  to  fence  limited  areas  of  Government  land  within  the 
national  forests  may  be  obtained.  Recently  the  policy  of  building  drift  fences  has  been  to  xme  extent 
adopted  and  is  strongly  recommended  by  the  United  States  Forest  Service.  (See  Graves,  H.  S.,  Report 
of  the  Forester,  United  States  Department  of  Agricultm^,  1912,  p.  69.    Washington,  1912.) 

s  This  area  consists  of  four  sections  In  each  township  for  the  grade  schools  and  several  hundred  thousand 
acres  scattered  over  the  State  for  the  other  institutions  named. 
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disposal  of  such  land.  It  was  assumed  wfa^i  the  existing  land  laws 
were  made  that  aU  land  was  about  equally  good  and  that  160  acres' 
of  it  was  amply  sufficient  for  the  support  erf  one  man's  family;  that 
if  he  wanted  any  of  it  he  might  have  that  much  and  welcome;  and 
that  aU  of  it  would  ultimately  be  given  by  the  Government  to  its 
individual  citizens. 

It  has  since  been  learned  that  much  of  the  land  wiU  not  support  a 
family  upon  160  acres,  but  that  in  certain  places  from  20  to  50  times 
that  area  is  necessary.  Of  course,  the  original  lawmakers  assumed 
such  land  to  be  desert  and  therefore  valueless.  It  has  a  certain  value 
as  pasture  land,  however,  and  in  order  that  its  best  use  may  be 
secured  it  is  necessary  that  it  should  be  used  to  some  degree  in 
severalty  instead  of  in  common.  It  being  impossible  to  obtain  legal 
control  of  it  in  bodies  of  sufficient  size  to  carry  on  stock  raising  with 
profit,  men  were  forced  to  control  it  some  other  way  or  not  use  it. 

The  need  of  stock  water  is  as  great  as  that  of  stock  feed,  and  the 
pioneers  in  the  stock  business  at  once  perceived  that  the  water  could 
be  controlled.  So  to-day  throughout  the  region  the  permanent 
watering  places  are  all  held  imder  some  kind  of  legal  right,  and  it  is 
through  the  control  of  the  water  that  the  range  is  controlled. 

This  set  of  conditions  gave  rise  to  the  custom  that  men  should  use 
and  claim  as  their  own  the  pasture  lands  surroimding  their  watering 
places.  Whenever  a  conflict  of  interests  aros^,  the  men  concerned 
had  to  settle  it  among  themselves.  Community  of  interests  and  the 
desire  for  an  amicable  agreement  have  led  to  a  set  of  customs  that 
have  the  force  of  unwritten  laws.  These  diflFer  to  some  extent  in 
different  locaUties,  mainly  because  of  local  conditions,  but  the  basal 
principles,  being  dependent  upon  the  requirements  of  the  business 
itself,  are  quite  imiform.  The  worst  differences  arose  between  the 
cattlemen  and  sheepmen,  because  the  methods  of  caring  for  their 
stock  are  of  necessity  different,  and  hence  their  interests  are  strongly 
competitive  instead  of  parallel.  As  long  as  there  was  plenty  of  imoc- 
cupied  land  to  which  the  more  venturesome  spirits  might  move, 
severe  competition  was  only  local  and  sporadic,  but  as  soon  as  the 
available  range  was  all  occupied,  competition  became  more  and  more 
strenuous.  Competition  is  generaDy  not  vigorous  between  those 
subdivisions  of  the  industry  of  the  same  kind  and  approximately 
equal  grade.  Thus  a  group  of  small  cattlemen  in  a  region  get  along 
fairly  well  together,  having  only  petty  personal  jealousies.  Large 
cattlemen  recognize  the  rights  of  their  equals  in  the  business. 

On  an  open  range  it  is,  of  course,  necessary  to  have  aU  water  open, 
And  cattle  and  horses  go  where  they  will  to  drink,  though  they  are 
generally  '' located '^  in  some  particular  region.    It  is  the  common 
84972*»— BuU.  211—15 S 
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custom  to  allow  all  stock  of  whatever  ownership  to  water  at  any 
watering  place,  and  the  man  who  would  exclude  any  of  his  neighbors' 
stock  from  his  water  troughs  would  be  ostracized.  But  this  necessity 
of  the  business  makes  it  possible  for  the  stingy  or  thievish  man  to 
"edge  in"  on  every  other  owner  in  his  district.  He  '* develops" 
water  at  a  certain  place,  but  not  in  sufficient  quantity  to  supply 
the  number  of  animals  he  puts  upon  the  range.  It  follows  that  his 
animals  get  some  of  their  water  from  his  neighbors,  and  water  costs 
money  in  the  range  country  at  any  place.  Thus,  the  small  man  is  a 
thorn  in  the  side,  especially  of  the  large  owner  who  has  a  first-class 
equipment.  The  latter  may  retahate  by  throwing  large  nimibers  of 
his  stock  into  the  small  man's  range  long  enough  to  eat  it  out  in  a 
short  time,  or  by  instituting  legal  proceedings  on  trumped-up  charges, 
thereby  causing  the  small  man  loss  of  time  and  unnecessary  expendi- 
ture of  money.  These  are  but  a  few  of  the  more  patent  of  the 
competitive  methods  in  use  among  cattlemen,  and  another  similar  set 
is  to  be  found  among  the  large  and  small  sheepmen. 

The  battles  between  the  sheep  and  cattle  industries  have  been  told 
time  and  again.  The  sheepman  has  the  advantage  in  most  respects. 
His  stock  are  herded  all  the  time;  they  can  be  held  on  any  spot  as 
long  as  he  desires;  if  held  long  enough  they  will  practically  obUterate 
the  vegetation  on  such  an  area;  they  require  much  less  water  than 
cattle,  and  with  green  succulent  feed  may  go  for  long  periods  without 
any  water  at  all;  they  may  be  driven  in  almost  any  place  where  other 
stock  can  go.  He  is  thus  able  to  drive  over  a  cattleman's  range  and 
leave  desolation  in  his  wake  if  he  wants  to;  and  he  may  do  this,  too, 
without  overstepping  his  legal  rights. 

For  convenience  in  handling  the  sheep  at  night,  the  herders  build 
brush  corrals.  These  corrals  biun  readily  after  the  brush  is  dry. 
When  not  in  a  corral,  sheep  may  easily  be  stampeded  and  scattered 
at  night.  A  herder's  camp  fire  at  night  is  a  conspicuous  target,  but 
the  immediate  vicinity  is  very  unsafe  when  rifle  practice  at  such 
target  is  going  on,  and  a  band  of  sheep  without  a  herder  is  soon  lost. 
Such  gentle  hints  as  any  of  these  may  be  taken  to  indicate  to  the 
sheepman  that  it  is  time  for  him  to  move  on. ' 

The  industry  is  now  developed  to  such  a  state  that  if  a  man  wishes 
to  enter  it  he  must  either  buy  a  range  and  its  rights  or  develop  some  of 
the  few  remaining  unoccupied  areas,  where  water  is  hard  to  obtain 
and  where  the  supply  of  feed  is  scanty  and  imcertain.  In  either  case, 
he  must  be  able  to  invest  considerable  capital  in  the  business.  This 
means  that  the  industry  is  upon  a  much  more  permanent  basis  and 
is  consequently  more  highly  organized. 

Perhaps  no  other  demand  of  the  business  is  so  well  recognized  by 
all  those  interested  in  it  as  the  desirability  of  control  of  the  range, 
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and  nothing  but  the  selfish  interest  of  the  few  who  are  getting  the 
lion's  share  under  the  present  regime  and  the  fear  of  the  many  that 
the  last  state  might  be  worse  than  the  first  have  for  years  prevented 
legislation. 

Advantage  has  been  taken  of  various  methods  to  obtain  control 
and  to  divide  up  the  range.  Natural  barriers,  like  moimtains  or 
impassable  lava  flows,  have  always  been  used.  Until  recently,  areas 
without  water  have  been  natural  barriers,  but  such  areas  are  now 
very  rare.  The  railroad  rights  of  way  have  been  fenced  and  now 
act  as  drift  fences.  Miles  of  drift  fence  have  been  constructed 
since  a  ruling  of  the  Commissioner  of  the  General  Land  Office  was 
made,  deciding  that  such  fences  might  be  allowed  to  stand,  since 
they  do  not  inclose  Government  lands.  The  law  allowing  a  county 
road  to  be  fenced  has  resulted  in  the  establishment  of  some  very 
queer-looking  county  roads.  All  such  fences  and  natural  barriers 
have  resulted  in  cutting  up  the  country  into  large,  more  or  less 
independent  areas,  and  have  given  some  individuals  in  favored  locah- 
ties  practically  complete — though  not  legal — control  of  their  ranges. 
Such  individuals  have  httle  to  obtain  from  any  legahzed  system  of 
control  except  the  necessity  of  paying  for  what  they  now  get  for 
nothing. 

Individuals  or  corporations  who  have  had  the  money  necessary 
have  bought  heu-land  scrip  and  placed  it  on  compact  bodies  of  land 
or  have  bought  such  of  the  Mexican  land  grants  as  they  could  obtain 
title  to.  For  years  most  of  these  grants  have  been  treated  as  the 
United  States  pubhc  lands;  at  first,  because  the  grants  had  not  been 
confirmed  in  the  land  courts.  Later,  since  the  titles  were  confirmed, 
it  has  been  difficult  to  get  the  authority  for  the  management  of  such 
lands  delegated  to  any  representative  of  the  owners,  because  too 
many  claimants  had  to  be  considered.  Recently,  some  of  these 
grants  have  been  sold  and  fenced,  and  others  are  leased  in  severalty 
without  fencing,  much  as  the  national  forests  are  treated. 

Similarly,  the  lands  given  to  the  State  and  its  institutions  by 
Congress  may  be  leased  in  large  bodies.  The  practice  of  leasing  the 
school  section  and  fencing  it  for  a  pasture  is  a  common  one,  and  it  is 
a  not  imcommon  habit  in  places  to  rent  a  given  school  section  and 
fence  one  or  more  sections  that  happen  to  be  conveniently  located, 
with  scant  regard  for  the  terms  of  the  rental  contract.  Land 
inspectors  come  around  at  very  rare  intervals,  and  even  then  they 
do  not  know  where  the  township  and  section  comers  are  and  can  not 
demonstrate  without  an  expensive  survey  that  the  area  fenced  is 
not  the  same  as  that  leased.  Hence,  the  fences  stand  and  the  fenced 
areas  increase  in  number  and  in  size.  Sometimes  State  lands  have 
been  so  located  as  to  cover  natural  waters,  Uke  springs  and  streams 
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in  the  mountains  or  places  wh^e  weDs  might  easily  be  dug.  These 
lands  have  then  been  leased,  and  by  this  means  the  water  and  range 
have  been  controlled  and  possible  settlers  have  been  kept  out. 

A  large  part  of  the  railroad  lands  was  surrendered  for  lieu-land 
scrip.  The  remainder  now  in  the  possession  of  the  railroads  is  rented 
for  grazing  purposes  so  far  as  possible.  Practically  none  of  these  lands 
are  fenced,  because  they  are  the  alternate  sections. 

The  grazing  privilege  on  the  national  forests  is  controlled  by  a 
permit  system  that  guarantees  the  proper  use  of  such  ranges,  render- 
ing the  business  less  hazardous  and  at  the  same  time  increasing  the 
carrying  capacity. 

It  will  thus  be  seen  that  the  desire  of  aU  parties  engaged  in  the 
business  is  some  sort  of  legalized  control  of  the  range  lands;  and 
wherever  this  has  been  obtained  and  is  at  the  same  time  associated 
with  the  proper  kind  of  management,  the  result  has  been  beneficial 
to  the  industry  and  to  the  range  also,  and  consequently  to  the  State 

NATURE  OF  THE  FORAGE  CROP  AND  ITS  DISTRIBUTION.* 

Plains. — ^Much  of  the  area  of  New  Mexico  consists  of  open,  nearly 
flat  stretches  that  pass  under  such  names  as  prairies,  plains,  or  mesas. 
They  range  in  elevation  from  about  3,500  to  nearly  7,000  feet  above 
sea  level,  a  few,  Uke  Johnsons  Mesa,  reaching  8,000  feet.  Such  plains 
are  usually  covered  with  a  more  or  less  dense  covering  of  grasses, 
which  in  the  northern  part  of  the  State  forms  a  tolerably  thick  sod. 
(PI.  II,  fig.  1.)  In  the  southern  part  of  the  State  the  grass  covering 
is  always  less  dense  and  rarely,  if  ever,  forms  a  true  sod  (PI.  Ill, 
fig.  1),  while  in  many  places  the  ground  is  absolutely  bare  over  areas 
many  acres  in  extent  (PL  III,  fig.  2).  Over  large  sections,  often  of 
many  thousands  of  acres  of  these  plains,  the  soil  consists  of  loose  sand 
and  is  covered  with  a  more  or  less  scattered  growth  of  sand,  bunch, 
and  sage  grasses  (PI.  IV,  fig.  1)  or  a  scrub  oak  known  as  shinry 
(PI.  IV,  fig.  2).  Often  the  tight  soils  of  the  southern  part  of  the 
State  carry  a  growth  of  shrubs  which  are  valuable  browse  plants,  of 
which  mesquite  and  shadscale  (locally  called  sagebrush  or  coarse 
sage)  are  the  most  important.     (PI.  V,  fig.  1.) 

Besides  the  grasses  and  shrubs  already  referred  to,  there  is  a  long 
list  of  herbaceous  annuals  and  perennials  that  appear  in  the  growing 
season.  The  spring  growth  is  fairly  constant  where  some  winter  rain 
or  snow  may  be  depended  upon,  but  in  the  southern  part  of  the  State 
these  spring  weeds  only  appear  abimdantly  when  three  favorable 
conditions  occur  in  sequence.  There  must  be  enough  rain  in  the  fall 
to  germinate  the  seeds;  the  winter  must  be  wet  enough  and  warm 
enough  to  produce  good  root  growth;  and  the  spring  must  not  be  so 

1 A  detailed  treatment  of  the  forage  plants  of  New  Mexico  will  be  found  in  New  llaxioo  Ezperlmeitt 
Station  Bulletins  06, 78, 81,  and  87. 
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Fia  1.— View  in  the  South-Central  Part  of  New  Mexico,  Showing  a  Typical 
Area  of  Open  or  Scattered  Grasses. 


FiQ.  2.— View  in  the  Southern  Part  of  New  Mexico,  Showing  an  Area  of  Per- 
fectly Bare  Soil. 
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Fia  1.— View  in  the  Southeastern  Part  of  New  Mexico,  Showing  Growth  of 
Saqe  or  Sand  Grasses  on  Sandy  Land. 


FiQ.  2.— View  in  the  Southeastern  Part  of  New  Mexico,  Showing  the  Growth 
OF  Shinry  on  Sand  Hills. 
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Fia  1.— View  in  the  South-Central  Part  of  New  Mexico,  Showing  the  Shad- 
scale  AND  Mesquite  Association  of  Plants. 


FiQ.  2.— A  Brush-Covered  Area  in  New  Mexico,  Showing  a  Small  Spot  Havinq 
AN  almost  Pure  Stand  of  Grass. 
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FiQ.  1.— View  in  New  Mexico,  Showing  an  Area  almost  Completely  Covered  by 
Snakeweed  as  the  Result  of  Overstocking. 


Fia  2.— View  in  New  Mexico,  Showing  a  Characteristic  Growth  of  the  Rocky 
Mountain  Bee  Plant  due  to  Overstocking. 
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dry  and  windy  as  to  dry  up  or  cut  off  the  young  seedlings.  In  an 
experience  extending  over  about  twenty  years  but  three  such  springs 
occurred  at  one  point  in  the  region  mentioned.  In  the  summer  after 
the  rains  there  is  commonly  an  abundant  crop  of  such  plants. 

Many  of  these  plains  are  really  bolsons,  or  basins,  without  a  drainage 
outlet,  and  in  all  such  low  places  where  the  water  colleiJts  and  evapo- 
rates, as  well  as  in  many  places  in  the  river  valleys  where  the  water 
table  is  near  the  surface,  alkali  occurs  in  greater  or  less  abundance. 
In  such  places  may  be  foimd  ui  association  of  alkali-loving  plants, 
many  of  which  are  usable  as  forage  in  default  of  something  better. 

Porous  gravelly  mesas, — In  the  southern  part  of  the  State  are  large 
bodies  of  dry,  porous,  gravelly  soil  that  usually  lie  as  bands  of  greater 
or  less  width  paralleling  the  mountain  chains.  The  dominant  plants 
of  these  areas  are  shrubs  of  no  forage  value,  and  there  are  few  forage 
plants  of  any  kind  in  the  association.  The  factor  which  in  the  last 
analysis  determines  the  distribution  of  this  association  is  probably 
one  of  soil  aeration,  though  it  may  be  dependent  upon  the  amount  of 
available  water.* 

Where  wind-transported  sand  or  loess  collects  uAder  the  protection 
of  bushes,  bluffs,  or  other  obstructions,  a  spot  of  soil  of  an  entirely 
different  texture  is  formed  and  other  plants  occur.  It  is  not  uncom- 
mon to  find  in  these  bush-covered  areas  spots  of  this  kind,  from  a 
few  square  feet  to  several  acres  in  extent,  upon  which  occurs  an  almost 
pure  stand  of  grass.     (PI.  V,  fig.  2.) 

Sometimes  there  is  a  good  crop  of  annuals  upon  these  gravelly 
mesas,  but  this  crop  is  rarely  used,  since  at  such  times  there  is  an 
abimdance  of  better  feed  elsewhere.  These  areas  also  are  poorly 
suppUed  with  watering  places,  because  the  feed  will  not  warrant  the 
expense.  If  some  drought-resistant  shrub  having  a  value  as  forage 
could  be  found  that  might  replace  the  valueless  shrubs  of  these  areas, 
much  land  now  useless  could  be  rendered  productive,  at  least  to  some 
degree.  The  amount  of  vegetation  now  produced  upon  these  areas 
is  about  the  same  as  that  upon  the  tight  soils  of  the  region,  but  it  is 
not  usable  because  of  its  kind.  Hence,  there  is  hope  that  a  valuable 
plant  may  be  foimd  that  will  grow  here. 

Arroyos. — In  most  general  terms,  the  plants  that  grow  in  the  arroyos 
or  dry  watercourses  are  the  same  that  grow  in  the  foothills  of  the 
near-by  mountains  and  have  followed  the  drainage  channel  down- 
ward, or  those  that  have  followed  back  up  these  channels  from  the 

1  An  investigation  carried  on  at  the  New  Mexico  Agricultural  College  by  a  student  assistant  of  the  writer, 
ICr.  O.  B.  Metcalfe,  demonstrated  pretty  completely  that  a  pronounced  tension  line  between  almost  pure 
oreo90te-bush  and  shadscale  associations  was  not  due  (as  we  had  long  belieTed)'to  a  difference  in  alkalinity 
of  the  soils.  Careful  examination,  chemically  and  physically,  of  the  soils  to  a  depth  of  6  feet  at  several 
places  across  the  tension  line  showed  no  differences  in  soil  except  those  arising  from  the  sise  of  the  particles. 
The  soil  upon  which  the  creosote>bush  association  grew  was  very  gravelly,  and  some  of  the  bowlders  con- 
tained in  it  were  so  large  that  it  was  necessary  several  times  to  dig  a  pit  instead  of  using  the  soil  auger  to 
get  the  soil  samples.  The  soil  supporting  the  shadscale  association  was  mnoh  more  finely  grained,  being 
mostly  a  sandy  loam  at  the  sarfaoe  and  not  gravelly  below. 
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lower  levels  into  which  the  arroyos  debouch,  with  a  few  that  have  come 
in  from  the  adjacent  mesas  or  ridges. 

The  physical  factors  that  determine  this  distribution  relate  in  some 
way  to  local  water  and  air  drainage.  While  the  upper  courses  of 
such  arroyos  are  likely  to  be  deep  and  full  of  plants,  the  lower  reaches 
are  usually  dry,  broad,  flat,  gravelly  channels,  at  most  but  a  few  feet 
lower  than  the  surroimding  land  and  practically  bare  of  v^etation 
or  occasionally  having  a  crop  of  range  weeds. 

WoodUmds. — ^As  used  here,  the  term  woodlands  refers  to  those  areas 
that  are  covered  with  a  more  or  less  scattering  growth  of  low  trees, 
a  plant  formation  occupying  a  zone  between  the  grass-covered  plains 
and  the  forest-covered  areas  of  the  higher  mountains.  Typical  wood- 
lands occur  on  the  lower  parts  of  the  moimtains,  ranging  upward 
from  1,000  to  2,000  feet  above  the  level  of  the  surroimding  plains. 
Where  these  plains  are  relatively  low,  as  they  are  in  the  southern  part 
of  the  State,  the  wooded  areas  begin  at  about  5,000  feet  elevation, 
while  farther  north,  where  the  plains  are  much  higher,^  the  lower  limit 
of  woodland  is  sometimes  as  high  as  7,000  feet.  Throughout  the 
State  the  area  is  characterized  by  the  presence  in  greater  or  less 
abimdance  of  low  scrubby  trees  and  numerous  shrubs.  Among  these 
occur  various  bimch  grasses  and  nmnerous  herbs  during  the  growing 
season.  This  plant  formation  often  covers  the  lower  drier  ridges  and 
moimtains  to  the  summits,  especially  on  the  southern  exposures 
where  the  zone  is  nearly  always  broad,  while  on  the  higher  moimtains 
and  especially  on  steep  northern  slopes  the  zone  is  apt  to  be  narrow 
or  sometimes  almost  absent. 

Forests. — ^Abpve  the  woodland  zone  in  the  moimtains  come  the 
forests.  First,  as  one  goes  upward,  are  the  open  forests  of  western 
yellow  pine  with  interspersed  parks  (the  transition  zone),  then  the 
denser  forests  of  pine  and  Douglas  spruce  (mainly  the  Canadian  zone), 
and  last  the  dense  spruce  forests  (Hudsonian  zone),  reaching  the 
timber  line.  These  forests  exist  only  because  of  the  rainfall  that 
occurs  at  these  levels,  and  the  growing  conditions  thus  produced 
result  in  an  abundant  and  varied  flora,  most  of  which  is  readily  eaten 
by  stock.  As  the  elevation  increases,  the  forests  become  denser,, 
darker,  and  wetter.  The  growing  season  also  is  shortened,  as  is  the 
grazing  season,  the  area  above  the  transition  zone  being  mostly 
sununer  pasture. 

Above  the  timber  line  there  are  some  ridges  and  peaks  which  have 
a  short-lived  crop  of  grass,  sedges,  herbs,  and  a  few  low  shrubs,  but 
this  area  is  very  rarely  reached  by  stock  even  in  the  warmest  of  the 
sununer  weather. 

Practically  all  of  the  lands  held  by  the  Federal  Government  lying 
in  the  woodland  zone  and  those  above  it  are  now  administered  as 
national  forest. 
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UNDESIRABLE  RANGE  PLANTS. 

Besides  the  useless  shrubs  occurring  on  the  gravelly  mesas,  two 
other  types  of  undeskable  plants  occur.  These  may  be  called  for 
convenience  range  weeds  and  poisonous  plants.  Range  weeds  are 
of  two  kinds — native  and  introduced — and  their  presence  upon  the 
range  is  due  to  two  facts:  First,  and  of  much  the  greater  importance, 
because  the  animals  will  not  eat  these  plants  at  all  or  only  when 
forced  to  do  so  by  extreme  hunger;  and,  second,  because  their  natural 
plant  dominants  (both  biologic  and  economic)  have  been  removed 
by  overstocking. 

In  the  main,  those  native  plants  which  have  become  the  commonest 
and  apparently  most  important  range  weeds  are  not  very  aggressive 
and  would  not  occupy  the  large  areas  they  do  but  for  the  effective 
assistance  in  their  struggle  for  existence  which  they  receive  from  the 
animals.  Yet  so  important  has  this  factor  of  animal  interference 
with  the  adjustment  of  plants  in  different  associations  become  that 
large  areas  are  often  occupied  by  almost  pure  stands  of  plants  that 
would  normally  form  but  an  insignificant  part  of  the  vegetable 
covering. 

The  best  example  of  this  kind  of  a  range  weed  is  found  in  the  snake- 
weed (Gutierrezia  spp.),  which  also  is  called  by  its  Mexico  name 
yerba  del  vibora  (PL  VI,  fig.  1) .  In  many  places  it  is  called  sheep  weed 
because  of  its  abundance  on  overstocked  sheep  ranges.  So  infrequent 
is  this  plant  on  a  normal  range  which  has  not  been  overstocked  that 
the  average  observer  rarely  sees  it,  and  it  has  often  been  sent  to  the 
writer  as  an  example  of  a  recently  introduced  and  very  harmful  weed. 

In  response  to  the  oft-repeated  question  of  how  to  get  rid  of  the 
snakeweed,  there  is  but  one  method  economically  possible,  and  that 
is  to  give  the  grama  grass  a  chance  and  it  wUl  crowd  out  the  snake- 
weed. In  the  eastern  coimties  of  the  State,  where  the  influx  of 
settlers  several  years  ago  drove  range  stock  out  and  gave  much  of 
what  had  been  range  land  a  long  and  much-needed  rest,  this  very 
thing  happened.  It  usually  happens  inside  the  fences  of  the  railroad 
rights  of  way.  There  is  little  doubt  also  that  the  burning  of  the 
dead  grass,  a  custom  of  the  Indian  days,  was  very  destructive  to  the 
snakeweed,  which  is  quite  resinous,  bums  readily,  and  is  easily  killed 
by  fire,  but  it  did  little  damage  to  the  grass  except  to  destroy  the 
standing  dry  crop.  Advantage  might  be  taken  of  this  fact  locally 
to  hasten  the  eradication  of  this  weed.  Rabbit  brush  {Chrysotham' 
nus  spp.)  occasionally  assumes  this  rdle  in  certain  localities. 

Another  common,  though  less  important,  weed  of  the  open  parks 
in  the  forests  is  the  Rocky  Mountain  bee  plant,  which  in  places 
occupies  large  areas  to  the  more  or  less  complete  exclusion  of  some 
of  thfe  best  of  the  forage  plants.     (PI.  VI,  fig.  2.) 
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Of  more  importance  is  a  group  of  introduced  weeds,  about  the 
probable  effects  of  which  we  know  less  and  whose  spread  within 
recent  years  has  been  rather  ominous.  These  are  mostly  tumble- 
weeds,  of  which  the  Russian  thisUe  (Salsola  pestifer)  is  far  and  away 
the  worst.  (PL  VII,  fig.  1.)  Their  seed-distribution  habits  are 
admirably  adapted  to  an  open  coimtry  with  strong  winds,  and  they 
scatter  their  abimdant  crops  of  seed  over  wide  areas.  Most  of  the 
species  are  able  to  endure  extreme  drought  and  great  heat;  their 
seeds  germinate  readily  and  the  seedlings  endure  very  unfavorable 
conditions  and  grow  into  plants  that  mature  seed  whether  they  be 
but  a  few  inches  high  or  reach  maximum  size.  They  practically  all 
belong  in  the  goosef oot  or  amaranth  families  and  have  to  their  credit 
the  fact  that  they  are  all  to  some  extent  valuable  as  forage  when 
young,  and  they  are  eaten  when  nothing  better  is  available. 

In  regions  having  a  rainfall  of  over  15  inches  the  Russian  thistle 
is  very  much  at  home,  and  wherever  the  native  grasses  have  been 
killed  out  either  by  stock  or  by  the  plow  it  is  a  pestiferous  weed. 
For  a  short  time,  while  it  is  young  and  tender,  it  is  a  fairly  good 
feed,  and  it  has  been  used  as  hay  and  silage  when  other  crops  have 
failed  in  the  dry-farming  regions;  but  these  uses  are  always  make- 
shift attenjpts  to  utilize  a  product  that  is  not  desired.  Ordinarily, 
it  does  not  seem  to  be  able  to  crowd  out  the  native  grasses,  but  in 
the  dry-fanning  areas,  where  the  sod  has  been  broken  and  the  land 
deserted  for  any  reason,  it  usually  takes  the  ground  completely.  It 
also  takes  badly  overstocked  places  on  the  ranges,  especially  where 
sheep  have  been  held  too  long.  Whether  the  native  grasses  will  be 
able  to  crowd  their  way  back  into  such  areas  or  not  still  remains  to 
be  seen.  If  they  are  not,  then  the  importance  of  this  pest  is  in- 
creased many  times. 

Certain  poisonous  plants  are  also  of  some  considerable  menace  to 
the  ranges,  especially  where  any  overstocking  is  going  on.  Speaking 
very  generally,  these  plants  form  a  very  small  and  numerically  unim- 
portant part  of  the  natural  flora  imtil  the  factor  of  overstocking 
enters.  Of  course,  the  different  species  diflFer  in  importance  merely 
on  the  basis  of  the  readiness  with  which  they  reproduce  themselves 
and  their  abiUty  to  compete  with  their  plant  associates.  Under 
normal  conditions,  unless  pressed  by  hunger,  grazing  animals  of  all 
kinds  let  them  alone  and  hence  do  not  in  any  way  interfere  with 
their  natural  rate  of  reproduction  and  spread.  Like  other  weeds 
that  are  not  eaten,  they  thus  tend  to  spread  much  more  rapidly 
when  relieved  of  their  plant  competitors  by  the  animals.  In  fact, 
under  these  circumstances  there  is  nothing  left  but  their  animal  and 
plant  parasites  to  hold  them  in  check,  unless  man  should  interfere.^ 

1  A  fow  species  of  looo  weed  have  become  so  abundant  on  some  of  the  sheep  ranges  of  California  that  it 
is  now  the  custom  in  certain  localities  for  the  herder  to  carry  a  spud  or  a  spade,  dig  these  plants  up,  ogllect 
them,  and  bum  them.   The  practice  evidently  pays  or  It  would  not  be  followed. 
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FiQ.  1.— View  in  the  Northwestern  Part  of   New  Mexico,  Showing  a  Typical 
Growth  of  Russian  Thistle  on  an  Overgrazed  Sheep  Range. 


Fig.  2.— a  Pumping  Plant  and  Reservoir  in  New  Mexico,  the  Well  in  Connec- 
tion Therewith  Being  330  Feet  Deep. 
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FiQ.  1.— View  in  the  Northern  Part  of  New  Mexico,  Showing  the  Beginning 
OF  AN  Arroyo  on  an  Overstocked  Range. 


Fig.  2.— View  in  New  Mexico,  Showing  the  Result  of  a  Summer  Shower 
Which  Lasted  but  a  Short  Time  and  Illustrating  most  Characteristically 
the  Importance  of  the  Run-Off. 
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Whatever  may  be  said  of  the  imdesirability  of  weeds  on  a  range, 
there  is  one  thing  to  be  said  in  their  favor.  Any  vegetable  covering 
in  an  arid  region  is  better  than  none,  since  such  a  covering  prevents 
to  some  degree  the  removal  of  the  soil,  and  any  plant  association 
occupying  an  area  is  to  be  looked  upon  as  merdy  one  stage  in  the 
production  of  that  ultimate  assemblage  of  plants  which  is  best 
adapted  to  that  place  and  its  conditions. 

EROSION. 

To  the  observer  from  a  humid  climate,  perhaps  no  one  charac- 
teristic of  the  arid  regions  of  the  Southwest  is  so  startling  as  the  evi- 
dence on  all  sides  of  the  forceful  action  of  water  as  an  erosive  agent. 
And  this  in  a  land  where  water  is  the  one  thing  that  is  everywhere 
lacking. 

.But  the  reason  is  patent  after  a  summer  in  the  region,  and  the 
conditions  are  common  to  all  arid  coimtries  of  high  relief.  The  ero- 
sive effects  that  one  sees  so  plainly  are  the  resultant  of  several  factors. 
During  the  warm  weather,  the  only  season  of  the  year  in  which  large 
volumes  of  moist  air  are  brought  into  the  region,  the  air  next  the 
ground  is  always  warm  and  therefore  relatively  dry.  Hence,  rain 
occiu^  only  when  masses  of  humid  air  are  forced  into  the  cold  upper 
strata.  Such  conditions  arise  only  locally  and  produce  showers  of 
restricted  size,  but  such  showers  are  mostly  torrential  in  character, 
a  large  amount  of  water  falling  on  a  restricted  area  in  a  very  short 
time. 

Let  such  a  downpour  occur  on  what  seems  to  be  a  flat  plain,  and 
in  a  few  minutes  the  lower  levels  are  flooded  and  the  roadbed  of  any 
obstructing  railroad  is  apt  to  suffer  severely.  Thus,  we  are  forever 
hearing  of  railroad  washouts  in  a  region  thajb  is  called  a  desert  and 
is  wanting  governmental  irrigation  systems  established.  (PI.  VIII, 
fig.  2.) 

The  land  is  but  sparsely  covered  with  any  kind  of  vegetation  and 
there  is  little  to  obstruct  the  run-off.  The  gradient  is  high  at  almost 
any  place.  Add  to  this  the  fact  that  the  soil  has  been  loosened  by 
dsdly  expansion  and  nightly  contraction,  due  to  large  diurnal  varia- 
tions of  temperature,  and  the  conditions  for  piaximum  efficiency  of 
the  erosive  agent  are  supplied;  and  the  consequences  are  not  only 
not  singular  but  were  to-be  expected  instead  of  wondered  at. 

The  factor  which  more  than  anything  else  tends  to  prevent  the 
same  kind  of  results  in  a  humid  region  on  an  even  larger  scale  is  the 
protective  cover  of  vegetation  everywhere  abundant,  and  no  one  fac- 
tor is  so  efficacious  in  producfaig  rapid  erosion  on  the  arid  grazing 
lands  as  the  more  or  less  complete  removal  of  their  already  scanty 
cover  of  plants  by  overstocking. 
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A  common  sight  on  an  overstocked  range  is  the  arroyo  made  by 
the  run-off  which  has  not  been  held  back  by  the  grass  and  bushes 
until  the  water  could  soak  into  the  groimd.  (PL  VIII,  fig.  1.)  So 
the  removal  of  even  the  grass  and  low  shrubbery  results  in  the 
partial  loss  of  the  soil  and  much  of  the  ground  water. 

These  effects,  like  many  others  of  the  range  coimtry,  are  cumulative. 
Once  a  cut  is  started  it  soon  becomes  a  trench  into  which  the  water- 
drains,  the  soil  is  gradually  all  carried  away  and  in  the  end  nothing  is 
left  but  the  gravel  and  bowlder-strewn  channel  where  little  or  nothing 
can  grow.  Many  of  the  ranges  in  New  Mexico  that  years  ago  were 
gently  rolling  grass-covered  plains  are  to-day  cut  and  scarred  by 
arroyos  that  are  almost  impassable  to  a  horseman,  and  all  because 
the  region  has  been  overstocked. 

RANGE  MANAGEMENT. ' 

As  stated  in  another  place,  in  New  Mexico  to-day  the  stockman 
usually  owns  the  land  upon  which  he  has  '*  developed  "  water,  and  he  is 
warranted  by  the  custom  of  the  coimtry  in  the  use  of  the  range  half 
way  from  his  last  watering  place  to  the  nearest  water  of  his  nearest 
neighbor,  on  all  sides.  He  must  maintain  at  his  watering  place  a 
supply  sufficient  for  the  number  of  stock  he  may  have  watering  at 
that  place.  Such  watering  places  must  be  open  to  all  stock  that  come 
to  them  of  their  own  voUtion.  Only  animals  which  are  driven 
through  the  country  are  expected  to  have  their  water  paid  for,  and 
this  recognizedly  legitimate  charge  is  often  not  exacted. 

The  stockmen's  wars,  so  common  a  nimiber  of  years  ago,  are  mostly 
of  the  past,  for  everybody  concerned  has  learned  that  such  methods 
do  not  pay.  There  is  still  more  or  less  friction  among  individuals 
in  a  smdl  way,  as  they  overreach  or  are  overreached.  But  in  general 
there  is  a  desire  to  play  fair,  or  at  least  within  what  are  recognized  as 
the  ''rules  of  the  game."  What  is  needed  for  the  improvement  of 
the  business  is  a  pronounced  change  in  the  rules. 

The  routine  work  of  the  ordinary  cattle  ranch  of  to-day  consists 
in  maintaining  the  watering  places,  moving  stock  from  one  place  to 
another  as  the  feed  varies,  looking  after  old  cows  or  dogy  calves, 
riding  bog,  and  going  after  strays,  with  the  heavy  work  of  the  spring 
and  faU  round-ups,  and  the  incidental  branding  of  calves  that  have 
been  missed.  Owing  to  the  fact  that  the  e^tle  are  in  no  way  re- 
stricted in  their  movements  and  that  all  distances  which  must  be 
traversed  iare  large,  such  work  requires  much  riding  by  a  number  of 
men,  depending  upon  the  size  of  the  ranch. 

1  The  word  maoagement  as  used  in  this  bulletin  in  every  case  means  the  financially  profitable  regulation 
of  the  individual  enterprise  considered  as  a  productive  business  unit .  The  principles  apply  as  well  to  the 
man  with  a  hundred  or  so  cattle  or  horses  or  a  single  band  of  sheep  as  they  do  to  the  owner  of  ttaooaandscl 
aninnls  and  large  equipment. 
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"With  sheep  there  is  the  continual  round  of  driving  to  the  feeding 
grounds  in  the  day  and  back  to  the  bed  grounds  at  night,  with  a  trip 
to  water  every  few  days,  depending  upon  the  kind  of  feed  and  amount 
of  water  available.  The  camping  place  must  be  changed  at  frequent 
intervals,  and  there  is  the  eternal  himt  for  good  feed.  There  must 
be  persistent  care  to  prevent  the  splitting  of  the  herd  or  losing  a 
.bunch  of  stragglers,  and  to  keep  predatory  animals  out  of  the  flock; 
and  in  the  spring  comes  lambing,  shearing,  and  dipping,  though  in 
some  places  shearing  is  done  twice  and  dipping  may  also  have  to  be 
repeated.  Most  of  such  work  must  be  done  on  foot  and  always  in  the 
open,  whatever  the  weather. 

When  the  dry  seasons  come  there  is  work  for  all  and  a  hard  time 
for  the  animals.  Though  all  the  stockmen  know  that  the  dry  seasons 
will  surely  come,  there  is  at  present  little  chance  of  making  any 
preparation  for  them. 

The  ideal  toward  which  the  individual  stockman  must  always 
strive  is  to  manage  the  factors  under  his  control  so  as  to  produce 
upon  his  range  the  largest  and  most  valuable  crop  of  forage  that  it  is 
able  to  maintain  season  after  season  under  use,  and  the  adjustment 
of  the  proper  number  of  animals  to  the  ranch  needs  excellent  judg- 
ment in  order  to  get  the  best  returns.  In  the  opinion  of  the  writer, 
considerable  of  the  overstocking  now  done  on  controlled  ranges  is 
due  to  a  lack  of  accurate  knowledge  of  their  carrying  capacity,  which 
results  in  poor  judgment  in  making  the  adjustment  mentioned. 

Everybody  knows  in  a  general  way  that  there  are  already  too  many 
animals  on  the  range  under  the  present  form  of  management.  Many 
of  the  more  thoughtful  stockmen  know  that  it  would  pay  them  to 
reduce  the  number  of  stock  on  their  ranches  and  give  the  grass  a 
chance  to  grow,  but  there  are  always  new  men  coming  into  any  range 
country  who  do  not  know  the  rate  of  feed  production  of  the  region. 
Such  men  recognize  the  possibility  of  developing  water  in  favorable 
positions,  and  if  they  find  grass  in  any  quantity  which  is  apparently 
not  being  used,  they  think  they  have  found  the  place  they  are  looking 
for.  If  Mr.  A,  who  has  been  in  possession  of  that  region  for  maybe 
twenty  years  and  who  does  know  what  the  region  will  carry,  com- 
plains to  the  newcomer  that  the  latter  is  crowding  in  where  there  is  no 
place  for  his  stock,  Mr.  A  has  absolutely  no  means  of  convincing  the 
new  arrival  of  either  his  knowledge  or  his  sincerity. 

The  land  is  all  open  to  entry.  The  new  man  can  take  up  a  claim 
and  develop  the  necessary  water  and  turn  his  stock  on  the  open 
range,  and  no  one  can  prevent  him.  Nor  can  anyone  either  protect 
Mr.  A  in  his  claims  or  insist  that  only  so  much  stock  shall  run  on  a 
given  area.  If  the  seasons  are  good  for  a  year  or  so,  the  range  may 
carry  the  additional  stock,  and  the  newcomer  is  sure  he  was  right, 
but  when  the  dry  years  come  both  men  are  botmd  to  lose  heavily. 
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It  does  no  good  then  for  Mr.  A  to  say  "I  told  you  so/'  and  his  only 
hope  is  that  he  can  endure  the  losses  longer  than  the  new  man  and 
that  the  latter  will  be  forced  to  leave. 

There  are  only  two  other  things  that  Mr.  A  can  do.  He  may 
either  buy  the  newcomer  out  and  so  get  rid  of  him — a  practice  that 
sometimes  induces  men  to  dig  wells  to  sell  to  established  stockmen 
who  have  made  money — or  he  may  develop  another  watering  place 
near  the  newcomer,  thus  restricting  the  latter's  range  to  a  minimum, 
and  wait  for  the  dry  years.  Any  way  that  the  matter  may  now  be 
adjusted  ultimately  results  in  a  direct  loss  for  both  men  (accompanied 
by  great  suffering  by  the  stock),  an  indirect  loss  to  the  general  business 
interests  of  the  region,  and  a  serious  depreciation  in  the  value  of  the 
range. 

An  experienced  and  successful  cattleman  in  the  southern  part  of 
New  Mexico,  commenting  to  the  writer  on  this  state  of  affairs  not 
long  ago,  said: 

I  can  better  afford  to  take  the  $2,500  lose  of  stock  which  I  know  I  will  have  when 
the  dry  years  come  than  to  take  my  stock  off  my  range  and  try  to  save  the  grass 
which  I  know  I  will  need  in  those  dry  years.  I  hold  my  range  now  only  by  having 
my  stock  on  it.  If  I  take  my  stock  off,  someone  else  will  take  my  range,  and  I  can 
afford  to  lose  the  stock  better  than  lose  the  range. 

Every  stockman  using  Government  range  lands  is  forced  into  this 
kind  of  action  whether  he  be  astute  enough  to  have  reasoned  it  out 
or  not.  Yet  these  same  lands  under  a  better  type  of  management 
(possible  only  under  legalized  control)  would  carry  safely  all  the  time 
more  and  better  stock  than  they  now  carry  with  such  uncertainty. 

Now  the  crux  of  the  situation  is  expressed  in  the  phrase  "possible 
only  under  legalized  control.^'  The  mere  fact  that  the  stockman  is 
not  able  to  protect  his  range  against  willful  misuse  by  himself  is  the 
best  of  evidence  that  the  industry  has  reached  the  limit  of  its  possible 
development  under  the  system  of  management  now  in  operation. 
The  earlier  growth  of  the  industry  occurred  under  a  condition  of 
what  was  practically  unlimited  free  range  and  was  satisfactory  in 
most  ways  as  long  as  this  condition  continued;  but  as  soon  as  all 
the  range  land  was  occupied  a  new  system  became  necessary,  and 
this  necessity  has  been  seen  by  investigators  and  far-sighted  stock- 
men for  a  long  time.  Before  the  industry  can  develop  further  it 
must  become  possible  to  determine,  how  many  animals  may  be  put 
on  ft  given  area.  But  control  of  such  animals  as  cattle,  horses,  mules, 
and  burros  can  be  maintained  only  by  fences.  Under  the  present 
system  sheep  and  goats  can  be  managed  so  as  to  prevent  overstocking, 
but  they  rarely  are,  With  a  properly  fenced  range  even  they  are 
better  off,  and  the  range  is  also.  Let  us  assume  that  the  right  to 
fence  the  range  lands  in  severalty  has  been  obtained  and  consider 
the  changes  in  management  rendered  possible  thereby. 
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The  necessity  of  allowing  feed,  to  mature. — It  is  a  well-known  botan- 
ical fact  that  in  order  for  ordinary  green  plants  to  grow  they  must 
have  leaves,  since  the  food  from  which  new  growth  is  made  is  elabo- 
rated mostly  in  the  leaves.  This  point  has  been  emphasized  by 
various  writers,  but  no  definite  data  as  to  the  exact  eflfect  of  pas- 
turage upon  the  quantity  of  feed  produced  have  been  obtained  till 
recently.  Studies  carried  on  by  Drs.  Briggs  and  Shantz  have  given 
some  very  definite  data  for  alfalfa.  From  their  work  it  appears 
probable  that  whenever  range  land  is  closely  pastured  during  the 
growing  season  its  total  productivity  is  automatically  reduced 
approximately  two-thirds,  or  possibly  more.  Or,  stated  generally, 
close  grazing  during  the  growing  season  reduces  the  carrying  capacity 
about  two-thirds. 

One  way  to  diminish  this  effect  is  to  divide  the  range  into  a  number 
of  relatively  small  pastures  and  give  each  pasture  a  rest  in  turn. 
Each  pasture  must  be  given  as  long  a  time  to  grow  its  crop  as  is 
possible,  keeping  in  mind  all  the  time  the  fact  that  the  stock  must 
grow  aS  rapidly  as  possible.  It  is  probably  better  to  put  a  large 
number  of  animals  on  a  relatively  small  acreage  for  a  short  time, 
thus  giving  the  plants  a  long  period  of  growth.  This  procedure  makes 
a  larger  number  of  watering  places  necessary. 

The  utilization  of  summer  feed. — Subdividing  the  range  is  beneficial 
in  another  way.  In  many  places  there  are  areas  that  produce  forage 
which  is  good  feed  only  while  it  is  green.  On  other  near-by  areas 
forage  which  cures  standing  occurs.  The  latter  is  the  natural  winter 
feed  of  the  region,  but  these  plants  are  usually  preferred  by  animals 
while  they  are  green.  Thus,  if  the  animals  are  allowed  to  range 
freely  and  select  their  feed  they  eat  the  winter  feed  in  the  summer 
time.  From  the  standpoint  of  sustenance  the  summer  feed  is  all 
right  in  the  summer,  but  poor  in  the  winter.  Hence,  good  manage- 
ment requires  that  it  be  eaten  while  at  its  best.  Similarly,  the  winter 
feed  should  be  saved  till  the  winter  time.  Without  fences  such 
management  is  impossible,  and  the  selective  action  of  the  stock  is 
always  operating  to  destroy  the  best  feed  on  the  range,  for  they 
always  graze  it  more  closely,  even  when  the  range  is  properly  stocked. 

In  the  higher  mountain  country  some  of  the  range  is  available  only 
in  the  summer,  because  it  is  covered  with  snow  in  the  winter.  There 
is  some  tendency  for  free-ranging  stock  to  go  to  the  higher  levels  in 
the  summer,  which  is  advantageous  to  the  stockman.  While  cattle 
will  dunb  the  hills  if  they  have  to,  they  will  congregate  in  the 
open  valleys  and  parks  as  long  as  the  feed  lasts,  unless  they  are 
fenced  out.  But  the  valleys  and  parks  may  be  pastured  earlier  and 
later  than  the  moxmtain  sides  and  should  be  fenced.  Many  such 
treeless  areas  are  capable  of  cultivation  or  may  be  turned  into 
meadows  where  a  good  crop  of  hay  may  be  grown. 
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Thus  in  a  number  of  ways  the  ability  to  subdivide  the  range  into 
pastures  makes  a  much  more  effective  utilization  of  the  forage  crops 
possible  and  so  increases  the  carrying  capacity. 

Tlie  importance  of  reserve  feed, — ^Att^ition  has  been  called  to  the 
variabiUty  of  the  cUipiate  of  the  region.  It  is  as  safe  to  prophesy  leaa 
years  in  New  Mexico  as  it  was  in  Egypt  in  Joseph's  time,  and  they 
usually  come  in  cycles  of  two  or  more  seasons  in  which  the  precipi- 
tation is  below  the  average.  Only  two  ways  of  adjusting  the  stock 
business  to  these  years  of  scanty  growth  are  possible.  One  must 
either  reduce  the  number  of  stock  or  be  able  to  fall  back  on  a  reserve 
supply  of  feed.  The  forced  sale  of  the  stock  nearly  always  means 
financial  loss,  largely  because  of  the  condition  of  the  stock.  They 
have  been  held  in  expectation  that  the  rain  wiU  occur  at  what  is 
generally  referred  to  as  the  usual  time.  The  stock  at  this  time  have 
just  passed  the  season  of  poor  feed  and  are  not  in  first-class  condition 
for  sale,  and  the  longer  the  rain  is  delayed  the  poorer  and  less  valu- 
able they  become.  If  the  owner  sells  at  this  time,  he  is  bound  to  lose 
heavily.  Yet,  if  the  rain  does  come  even  late  in  the  simmier,  growth 
is  so  rapid  that  there  will  be  feed  enough  to  carry  over  to  what  may 
be  a  better  year.  So  he  hopes  and  holds  on.  But  if  rain  does  not 
come  at  all,  the  weak  stock  and  many  of  the  young  will  die.  Thus 
a  large  percentage  of  the  breeding  stock  is  lost  and  the  next  year's 
crop  much  reduced.  On  much  of  the  New  Mexico  range  country  two 
or  three  such  seasons  in  succession  will  put  many  of  the  stockmen 
out  of  business  and  kill  thousands  of  animals.  Yet  these  cycles  of 
dry  seasons  come,  and  everyone  knows  they  will  come  again,  but  no 
one  can  get  r^ady  for  them,  because  he  can  not  fence  his  range. 

Developing  water, — ^Attention  has  already  been  called  to  the  fact 
that  the  control  of  the  range  is  now  maintained  by  the  control  of  the 
stock  water.  Of  course,  it  must  be  imderstood  that  wherever  there 
is  sufficient  water  for  irrigation  purposes  it  is  always  so  used.  In 
New  Mexico  there  is  almost  everywhere  sufficient  stock  water  to 
supply  aU  the  animals  which  the  range  will  carry,  and  in  many  places 
quite  a  Uttle  more  could  be  developed.  This  is  one  of  the  factors 
which  have  made  overstocking  not  only  possible  but  imavoidable 
xmder  the  present  system  of  tenure. 

Wherever  there  is  imderground  water  within  500  feet  of  the  sur- 
face, the  earth  tank  and  cased  well,  with  its  big  windmill  and  gasoline 
engine,  furnish  a  supply  that  can  be  depended  upon.  (PI.  VII,  fig.  2.) 
Such  equipment  is,  however,  the  sign  of  the  investment  of  considerable 
money;  the  deeper  the  well,  the  larger  the  expense,  and  likewise  the 
greater  the  cost  of  use  and  maintenance. 

Springs  and  small  streams  are  always  used,  unless  the  supply  is 
large  enough  for  irrigation  purposes.  Just  in  the  edge  of  the  foothills, 
where  the  flood-water  channels  open  out  upon  the  flats,  sites  may 
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be  found  where  a  small  earth  dam  and  a  proper  spillway  will  make 
a  tank  that  will  catch  and  hold  a  large  quantity  of  water.  (PI.  IX, 
fig.  1.)  These  tanks  are  usually  not  very  expensive,  and,  notwith- 
standing the  high  rate  of  evaporation,  water  is  often  maintained  in 
such  tanks  throughout  the  year.  The  deeper  the  tank  in  proportion 
to  its  area  the  smaller  the  relative  amount  of  loss  by  evaporation. 
Even  in  the  plains  coimtry  there  is  always  sufl&cient  run-off  to  collect 
large  quantities  of  water  in  tanks  properly  located.  (PI.  IX,  fig.  2.) 
A  little  judgment  in  the  selection  of  a  site  and  the  use  of  some  plows 
and  scrapers  are  all  that  is  necessary  to  develop  a  valuable  supply. 

In  the  moimtainous  country  it  is  frequently  very  easy  to  make 
lakes  of  considerable  size  by  deflecting  the  flow  of  the  smaller  streams 
into  natural  basins,  where  a  small  dam  will  make  a  lake  several  acres 
in  extent.  The  construction  of  such  lakes  is  one  of  the  best  things 
that  can  be  done  upon  a  ranch,  since  all  such  bodies  of  water  help  to 
regulate  the  run-off.  They  always  afford  a  supply  of  water  for  stock, 
and  they  frequently  change  intermittent  streams  into  permanent 
ones,  thus  distributing  the  water  so  that  the  stock  do  not  need  to 
congregate.  They  thus  reduce  the  run-off  and  tend  to  remove  the 
main  cause  of  trail  making,  both  of  which  factors  are  very  potent  in 
reducing  erosion. 

No  other  one  factor  is  so  important  as  the  abimdance  of  good,  clean 
water,  well  distributed  over  the  ranch,  and  there  are  relatively  few 
ranches  that  now  have  the  water  so  well  distributed  that  the  range 
may  be  imiformly  grazed.  Stock  mostly  have  to  go  too  far  for  water, 
with  the  result  that  much  grass  is  trampled  out  around  the  watering 
places,  and  the  range  is  apt  to  be  cut  up  by  trails  that  ultimately 
become  arroyos.  And  it  is  equally  true  that  much  more  water  could 
be  developed  upon  most  ranges,  a  procedure  that  would  materially 
help  the  business.  But  under  the  present  imcertanity  of  tenure  of 
the  range  lands  such  expenditures  are  not  warranted. 

Reducing  the  effects  of  erosion. — There  are  two  ways  by  which  the 
effects  of  erosion  may  be  reduced.  Attention  has  already  been  called 
to  the  regulation  of  the  run-off  and  the  making  of  trails.  What  is 
necessary  on  many  ranches  toAiay  is  the  repair  of  arroyos  already 
made.  The  aggregate  area  of  land  that  now  produces  no  forage  as 
the  result  of  the  erosive  action  of  water  is  lai^e.  More  or  less  intri- 
cate systems  of  drainage  channels  have  been  established  where  for- 
merly there  was  but  gently  rolling  coimtry  with  no  definite  channels. 
The  original  condition  existed  because  the  plant  cover  of  the  soil  pre- 
vented the  water  from  collecting  into  streams.  The  tun-off  occurred 
mostly  as  a  thin  sheet  of  water  gently  moving  over  all  slopes,  the 
motion  being  so  slow  as  to  allow  most  of  it  to  soak  into  the  soil. 
This  is  the  best  possible  condition  for  the  conservation  of  both  the 
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moisture  and  the  soil,  as  well  as  for  the  maximum  production  of 
forage,  and  it  should  be  brought  about  wherever  possible. 

All  arroyos  should  be  gradually  filled.  This  can  not  be  done 
economically  except  very  slowly  and  by  letting  the  water  do  it. 
The  cutting  occurs  because  of  tiie  velocity  of  the  water,  which  de- 
pends upon  the  quantity  of  water  and  the  slope  of  the  land.  It  is 
necessary  to  begin  work  at  the  heads  of  such  channels,  deflect  the 
water  from  the  main  channels,  and  cause  it  to  run  over  the  more 
gently  sloping  land  as  a  sheet.  Large  obstructions  across  deep  ditches 
or  gulhes  are  of  httle  value  unless  they  are  so  strong  as  to  hold  all  the 
water  which  can  collect  behind  them,  as  in  a  tank  or  lake. 

The  same  is,  of  course,  true  of  the  broader  channels,  where  more 
extensive  dams  would  be  necessary.  If  such  dams  were  built  and 
should  burst,  much  greater  damage  would  be  done,  because  of  the 
large  volume  of  water  stored  before  the  obstruction  gave  way.  Small 
obstructions  which  aUow  a  smaU  quantity  of  soil  to  collect  behind 
them  upon  which  the  grass  may  grow  are  of  great  advantage  in  chan- 
nels, provided  most  of  the  flood  waters  can  be  kept  out  of  the  channel 
by  deflection  at  the  head. 

All  permanent  lakes  or  tanks  become  local  levels  below  which  cut- 
ting can  not  occur  in  the  drainage  basin  above  them  and  are,  of 
course,  desirable. 

The  general  principle  to  be  kept  in  mind  is  that  the  transporting 
power  of  water  varies  as  the  sixth  power  of  its  velocity.  In  other 
words,  if  the  velocity  of  a  stream  be  doubled,  the  weight  of  the  largest 
particles  it  will  push  along  is  64  times  as  great  as  that  of  the  stream 
at  the  original  velocity.  But  the  velocity  increases  with  the  depth 
and  with  the  gradient.  The  importance  of  inducing  the  water  to 
flow  slowly  over  the  sm^ace  as  a  thin  sheet  is  thus  apparent.  And  a 
relatively  small  amount  of  work  properly  applied  will  produce  im- 
portant results  in  restoring  to  productivity  land  which  is  now  only 
used  to  carry  away  water  that  should  go  into  the  ground.  But  none 
of  this  improvement  work  will  be  done  until  the  worker  knows  he  will 
be  allowed  to  reap  the  benefit  of  his  labor. 

Reseeding  operations. — So  far,  experiments  attempting  to  reseed 
artificially  the  ranges  of  most  of  New  Mexico  have  resulted  negatively. 
There  are  good  reasons  for  this,  to  which  we  wish  to  call  attention. 
There  are,  however,  large  areas  where  artificial  reseeding  will  prove 
successful.  Many  high  moimtain  valleys  that  receive  considerable 
water,  but  have  a  short,  cool  season,  can  be  set  in  timothy  or  redtop. 
Orchard  grass,  tall  fescue,  or  brome-grass  will  grow  in  many  localities 
if  properly  treated.  Oats,  barley,  and  wheat  are  already  grown  in 
many  of  the  open  parks  of  the  higher  moimtain  timbered  lands,  and 
much  of  the  plains  coimtry  of  the  eastern  side  of  the  State  will  grow 
kafir,  milo,  or  some  of  the  other  sorghums.     Such  lands  are  range  lands 
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FiQ.  1.— View  in  the  South-Central  Part  of  New  Mexico,  Showing  a  Small 
Tank  in  the  Foothills. 


Fig.  2.— View  in  the  Southeastern  Part  of  New  Mexico,  Showing  a  Large 

Tank  on  the  Plains. 
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only  temporarily,  until  their  owners  learn  that  they  can  produce  much 
more  feed  per  acre  by  cultivating  them,  when  they  become  agricultural 
lands,  and  it  is  no  longer  an  experiment  to  try  to  cultivate  such  lands. 

The  commonly  cultivated  pasture  grasses  will  not  grow  on  much  the 
larger  part  of  the  lands  of  the  State,  because  of  insufficient  moisture, 
and  these  ate  the  only  pasture  grasses  whose  seeds  can  be  had  in 
quantity  from  dealers.  There  is  little  doubt  that  it  would  pay  to  sow 
grama--grass  seed  over  large  areas  of  the  range  lands  if  good  seed  could 
be  had  in  quantity  at  a  reasonable  price,  and  this  same  statement  is 
true  of  several  other  valuable  native  grasses.  But  such  seed  can  not 
be  bought  in  quantity  at  any  price.  Hence,  the  main  reseeding 
method  is  that  of  allowing  the  plants  to  reseed  themselves.  This 
necessitates  the  protection  of  the  seeding  plants  till  the  mature  seeds 
are  distributed.  The  process  is  very  slow  at  the  start  if  the  range  is 
badly  eaten  out,  for  relatively  few  viable  seeds  are  then  produced, 
and  germination  conditions  are  rarely  ever  good  even  for  the  native 
plants.  But  this  method  of  improvement  is,  like  all  the  others  so  far 
mentioned,  dependent  upon  the  control  of  the  land  and  the  ability  to 
keep  the  stock  off  during  the  growing  season. 

The  control  of  stock. — ^Much  of  what  has  already  been  said  in  favor  of 
legalized  range  control  has  assumed  the  r^ulation  of  the  number  of 
head  of  animals  that  may  be  allowed  to  graze  on  a  given  area.  The 
point  of  view,  however,  in  each  case  has  been  that  of  advantage  in  the 
production,  preservation,  or  utilization  of  feed. 

Of  equal  importance  in  the  management  of  any  range  is  the  control 
of  stock,  i.  e.,  the  possibility  of  knowing  where  any  given  animal  may 
be  found  at  any  time.  It  is  much  easier  to  maintain  a  watch  over 
cattle  and  horses  by  "  riding  fence  "  than  by  "  riding  range."  It  takes 
fewer  men  and  fewer  horses,  and  the  information  obtained  as  to  the 
condition  of  the  stock  is  much  more  accurate.  If  a  hundred  cows  are 
put  into  a  given  pasture  ^  it  is  only  necessary  to  ride  around  the  fence 
to  know  whether  any  animals  have  broken  in  or  out.  One  merely 
needs  to  ride  to  the  watering  place  at  the  proper  time  of  day  to  find  a 
particular  animal.  Very  rarely,  indeed,  must  strays  be  himted,  and 
bog  holes  may  generally  be  fenced  in,  the  danger  being  thus  removed. 

Even  though  the  pasture  be  many  square  miles  in  extent,  it  wiU  take 
only  a  few  men  to  gather  all  the  animals  that  are  in  it  if  the  country  is 
open  as  is  the  case  with  most  of  New  Mexico;  and  if  the  number  of  head 
in  the  pasture  is  known,  the  number  of  head  gathered  shows  the  effi- 
ciency of  the  men  and  makes  it  possible  to  ascertain  the  amount  and 
causes  of  all  losses. 

1  It  must  be  remembered  that  this  word  Is  stretched  from  its  ordiiiary  usage  so  as  to  include  areas  that 
may  be  many  sections  in  extent  instead  of  a  few  acres. 
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With  a  fenced  range,  the  spring  and  fall  round-ups  become  merely 
the  gathering  of  the  stock  in  the  separate  pastures  and  can  be  done  by 
a  few  men.  The  operations  on  each  ranch  thus  become  independent 
of  each  other  and  are  not  subject  to  a  time  schedule  that  may  be  in- 
convenient. The  need  of  extra  help  is  not  so  pressing.  The  branding 
can  be  done  at  the  corral,  where  a  "squeezer"  obviates  the  necessity 
of  running,  roping,  and  throwing  the  animals,  with  the  consequent 
losses  that  attend  this  method,  losses  that  range  all  the  way  from  the 
eflFects  of  overheating  the  horses  and  cattle  to  the  killing  of  an  occa- 
sional animal.  Working  at  the  corral  often  obviates  the  necessity  of 
the  round-up  wagon,  with  its  attendant  expenses.  To  summarize: 
The  fencing  of  a  range  and  its  division  into  separate  pastures  reduces 
the  operative  force  necessary  to  handle  a  given  area  and  makes  the 
work  itself  easier  for  the  men  and  not  so  hard  on  the  stock. 

The  control  of  breeding  operaiiona. — ^Probably  the  most  important 
function  of  a  fence  on  a  cattle  or  horse  ranch  is  the  control  that  it 
gives  to  the  breeding  operations.  All  stockmen  recognize  the  impor- 
tance of  producing  only  well-bred  animals,  but  this  can  be  done  on 
an  open  range  only  by  the  enforcement  of  laws  controlling  the  char- 
acter of  males  that  are  allowed  at  large.  Considerable  has  been  done 
in  this  respect  in  New  Mexico  as  regards  buUs,  and  the  manner  of 
handling  sheep  gives  control  of  the  bucks.  There  is  at  present  but 
poor  control  of  stallions  and  burros.  Even  with  good  laws  there  is 
great  difficulty  in  their  enforcement,  since  opinions  differ  very  much 
as  to  what  is  a  desirable  animal  for  breeding  purposes.  Many  of  the 
men,  for  pecuniary  reasons,  especially  if  their  means  are  limited,  do 
not  see  how  they  can  afford  to  buy  well-bred  animals  for  their  small 
ranches,  so  they  allow  grade  buUs  to  run  and  all  their  neighbors  must 
put  up  with  the  consequences.  One  of  the  commonest  complaints 
of  the  progressive  owner  is  that  his  neighbors  do  not  buy  good  buUs 
or  enough  of  them.  This  is  one  of  the  exasperating  losses  which 
the  larger  single  owners  and  practically  all  of  the  big  companies 
have  to  endure  imder  the  present  system.  Yet  all  stockmen  know 
that  the  practice  is  economically  a  bad  one. 

It  is  probably  desirable  upon  some  of  the  ranches  in  the  higher 
moimtains  to  restrict  the  breeding  to  certain  months  in  the  year,  in 
order  to  avoid  the  losses  resulting  from  the  birth  of  calves  during  the 
cold  weather.  This  plan  has  been  tried  in  a  few  places;  and  while 
the  percentage  of  calves  dropped  is  smaller,  the  losses  are  noticeably 
less,  and  the  total  calf  crop  is  about  the  same,  with  some  advantage 
in  favor  of  the  practice  because  of  the  strength  of  the  calves.  With 
the  proper  precautions  taken  as  to  the  number  and  distribution  of 
bulls,  it  is  likely  that  the  percentage  of  dry  cows  could  be  reduced 
to  the  normal  for  the  open  range,  even  imder  this  system. 


Digitized  by 


Google 


RANGE   MANAGEMENT  IN   NEW   MEXICO.  35 

Fenced  inclosures  also  make  possible  the  classification  of  the  stock. 
The  steers  may  be  taken  out  of  the  cow  herd,  thereby  increasing  to 
some  degree  the  fecundity.  Young  animals  may  be  kept  in  pastures 
containing  only  their  own  kind.  Uniformity  in  the  grading  of  the 
animals  makes  them  more  attractive  and  more  easily  salable  when 
the  buyer  is  inspecting  them.  It  makes  possible  the  weaning  of  the 
calves  at  the  proper  age,  which  allows  their  mothers  to  recover  flesh 
v^rhile  carrying  their  young. 

Quarantine  and  disease  eradication. — ^The  importance  of  a  fence  for 
use  in  the  control  and  eradication  of  various  diseases  that  attack 
range  animals  is  excellently  set  forth  in  a  petition  *  recently  presented 
to  the  President  of  the  United  States  by  those  residents  of  south- 
eastern New  Mexico  who  are  either  directly  or  indirectly  interested 
in  stock  raising.     It  reads  as  follows: 

In  addition  to  what  has  been  said  herein  as  to  the  manifest  advantages  of  the  indi- 
vidual control  of  the  range,  it  should  be  remembered  that  the  splendid  work  which 
has  for  the  paat  twelve  years  been  carried  on  by  the  Bureau  of  Animal  Industry  would 
be  very  greatly  facilitated.  The  officials  of  this  department  have  done  excellent  and 
efficient  work  in  clearing  this  part  of  New  Mexico  of  various  infectious  diseases  to 
which  cattle  and  sheep  are  subject;  but  they  have  been  greatly  hampered  and  their 
work  delayed  and  made  infinitely  more  expensive  and  difficult  by  the  fact  that  there 
has  been  no  method  whatever  of  isolating  such  infected  herds  as  graze  on  the  public 
domain.  It  is  practically  impossible  to  thoroughly  eradicate  even  the  least  virulent 
of  these  diseases,  such  as  scabies,  pleuro-pneumonia,  and  anthrax,  as  long  as  the 
diseased  animals  can  not  be  permanently  isolated  from  the  healthy  ones,  which,  with 
herds  running  at  large,  is  impossible.  If  under  the  present  conditions  of  the  range 
such  an  infection  as  foot-and-mouth  disease,  which  has  appeared  twice  in  the  United 
States  in  the  past  twelve  years,  should  become  distributed,  the  cattle  industry  would 
bo  practically  annihilated.  It  has  been  fully  demonstrated  in  this  and  other  districts 
that  where  animals  were  under  control  in  privately  owned  pastures,  the  eradication 
of  disease  has  been  entirely  practicable,  while  at  the  same  time  in  contiguous  open 
ranges  vast  herds  have  perished  as  a  result  of  these  diseases,  and  their  owners  have 
been  practically  ruined. 

Feeding  range  stock. — ^Very  little  feeding  of  range  stock  has  been 
done  in  New  Mexico  for  any  purpose  whatever,  and  it  is  stiU  a  com- 
mon practice  to  let  animals  die  of  starvation  if  there  is  not  sufficient 
feed  on  the  range  to  maintain  them.  Aside  from  the  humanitarian 
argument,  this  is  really  very  poor  business,  with  meat  at  its  present 
price. 

Within  the  past  decade  a  considerable  area  of  the  State  has  come 
into  cultivation  by  the  development  of  various  irrigation  enterprises 
or  by  dry-farming  methods.  In  consequence,  a  much  greater  area 
of  land,  previously  some  of  the  best  grazing  land  of  the  State,  has 
ceased  temporarily  to  be  used  for  this  purpose;  but  in  all  the  dry- 
farming  area  (where  at  present  less  than  half  the  land  is  occupied, 

I  Written  by  ex-Oovernor  Hag«rman,  of  New  Mexico. 
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and  a  still  smaller  acreage  is  cultivated)  the  important  cultivated 
crops  are  forage  crops,  much  of  which  will  not  admit  of  shipment, 
on  account  of  their  bulk  as  compared  with  their  value.  They  must, 
therefore,  be  used  near  the  place  of  production.  Any  concentrated 
feeds  produced  may  seek  an  outside  market,  and  the  production  of 
such  feed  within  the  State,  where  a  large  quantity  of  such  feed  should 
be  used  to  carry  animals  over  the  periods  of  scarcity,  is  advantageous 
in  many  ways.  The  producers  need  a  market;  the  stockmen  need 
cheap  feed;  the  railroads  need  the  haul;  the  State  needs  the  indus- 
tries; and  the  country  needs  the  meat. 

There  is  little  doubt  that  the  areas  into  which  the  homesteaders 
have  been  coming  for  some  time,  and  which  thereby  have  produced 
much  less  meat  for  a  number  of  years,  will  in  the  end  produce  much 
more  than  they  originally  did,  unless  some  marked  improvement  is 
made  in  agricultural  operations  with  ft  limited  supply  of  water. 
Kafir,  milo,  or  some  other  sorghum  and  the  silo,  with  stock  raising 
or  dairying,  seem  to  be  one  solution  of  the  problem  of  living  in  these 
regions.  The  experience  of  the  stockmen  in  other  States  indicates 
that  cattlemen  and  sheepmen  alike  can  very  well  afford  to  feed  grain 
to  their  stock  during  periods  of  shortage  of  range  feed. 

Sheepmen  are  accustomed  to  assume  that  all  of  these  generaliza- 
tions that  apply  so  patently  to  cattle  do  not  affect  their  business. 
But  this  is  not  correct.  It  has  been  shown  by  experiment  *  that 
even  in  the  heart  of  the  forest  in  the  high  mountains,  where  predatory 
animals  are  most  numerous  and  active,  half  of  a  band  of  sheep  pro- 
tected by  a  fence  and  a  hunter  with  dogs  produced  more  mutton 
and  more  wool  and  left  the  pasture  in  better  shape  than  the  other 
half  of  the  band  under  the  ordinary  care  given  by  herding.  Nor  is 
this  all. 

Many  of  the  flockmasters  of  southwestern  Texas  are  building 
fences  that,  with  the  aid  of  proper  dogs,  will  protect  their  sheep 
from  coyotes  and  wolves.  This  is  being  done  because  the  herders 
of  the  region  are  becoming  less  reliable  and  at  the  same  time  more 
expensive.  When  that  region  is  once  cut  up  by  fences  into  pastures 
of  a  few  sections  each,  the  coyotes  and  wolves  can  be  exterminated. 
The  cost  of  construction  and  maintenance  of  the  fence  and  of  keeping 
down  the  jack  rabbits  is  the  main  expense  which  must  be  met  in 
lieu  of  the  wages  and  subsistence  of  the  herders  and  camp  tenders 
necessary  when  the  sheep  are  handled  on  an  open  range;  and  the 
increased  carrying  capacity  of  the  range,  the  increased  amount  and 
quality  of  the  wool,  and  the  increased  quantity  of  mutton  produced 
must  be  taken  into  account  when  comparisons  are  made. 

1  Jardtne,  J.  T.,  and  Coville,  F.  V.    Preliminary  report  on  grazing  exf)erlments  in  a  coyote-jiroof  jmsture. 
U.  S.  Dept.  Agr.,  Forest  Serv.  Clic.  156,  32  p.,  2  fig.    1908. 
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CHARACTER  OF  THE  PRESENT  OPPOSITION  TO  CONTROL. 

What  axe  the  interests  opposed  to  legalized  control  of  the  range 
country?  There  are  at  least  two  that  are  more  or  less  actively 
opposed  to  the  idea.  They  are  those  owners  who,  by  the  nature  of 
their  stock  and  the  region  they  are  in,  are  able  to  get  a  lion's  share  of 
the  benefits  to  be  derived  from  the  business,  or  they  are  those  who, 
by  the  particularly  favorable  location  of  the  ranges  they  now  occupy, 
already  have  practical  control  and  would  only  increase  their  expenses 
by  gaining  a  legalized  control.  There  are  only  a  few  such  owners  in 
New  Mexico.  But  there  are  many  who  are  afraid  that  any  change 
which  might  be  made  would  result  in  loss  to  themselves.  They  want 
control,  but  are  passively  obstructing  any  move  tending  toward 
that  end,  because  they  fear  that  in  any  new  adjustment  they  would 
lose  part  or  aU  of  what  they  now  claim. 

There  is  nothing  to  criticize  in  any  of  these  attitudes,  since  they  . 
are  those  of  all  competitive  business.  Each  stockman  is  merejjr^ 
getting  all  he  can  out  of  his  business  under  the  conditions  in  which 
he  finds  himself,  and  he  is  warranted  in  so  doing  so  long  as  he  breaks 
no  existing  laws.  But  would  it  not  be  much  better  business  to  get 
some  sort  of  legalized  control  system  established  which  would  do 
away  with  the  present  uncertainties  and  losses  and  make  a  better 
type  of  management  possible  ? 

The  industry  would  be  placed  upon  a  much  better  footing.  Its 
returns  would  be  much  more  certain  and  could  be  calculated  in 
advance  with  much  greater  accuracy.  By  virtue  of  this  certainty 
a  more  complex  and  more  remunerative  type  of  business  could  be 
developed,  which  would  result  in  an  output  both  larger  in  quantity 
and  better  in  quality.  Hence  the  business  would  be  more  remu- 
nerative to  those  engaged  in  it  and  would  improve  the  general  business 
status  of  the  State.  From  the  standpoint  of  the  great  majority  of 
the  stockmen  of  New  Mexico  there  is  everything  to  gain  and  almost 
nothing  to  lose  by  the  establishment  of  a  system  which  will  allow 
them  to  fence  their  lands  and  hold  them  in  severalty,  while  from  the 
standpoint  of  the  business  the  promise  of  improvement  is  slight, 
if  any  (due  mainly  to  the  increased  prices  of  the  meat  produced), 
with  all  the  factors  tending  toward  a  diminution  of  productivity  so 
long  as  the  present  form  of  tenure  is  the  only  one  possible. 

SUMMARY. 

(1)  The  present  status  of  the  stock-raising  industry  in  New  Mexico 
is  but  one  phase  of  the  adjustment  of  the  various  industries  of  the 
State  among  themselves  and  to  the  physical  environment. 

(2)  The  topographic,  climatic,  and  soil  characters  of  the  State 
restrict  by  far  the  greater  part  of  its  total  area  to  the  business  of 
stock  raising  so  long  as  the  present  agricultural  methods  continue. 
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(3)  While  much  of  the  land  is  held  under  one.  form  of  tenure  or 
another,  over  31,000,000  acres,  although  in  continuous  use,  now  lack 
legal  control. 

(4)  From  the  best  statistics  available  it  is  shown  that  the  stock- 
raising  industry  in  New  Mexico  pa3rs  taxes  on  almost  one-fourth  of 
the  total  assessed  valuation  of  the  property  of  the  State  and  is  prob- 
ably the  most  productive  industry  in  the  State. 

(5)  The  present  method  of  controlling  the  Government  lands  de- 
pends upon  the  legal  control  of  the  stock  water  and  a  custom  which 
has  the  force  of  an  unwritten  law.  This  condition  has  arisen  from  lack 
of  legislation  which  takes  all  the  conditions  into  consideration.  No 
type  of  legislation  is  here  recommended,  because  it  would  be  out  of 
place;  but  that  some  type  of  legal  control  is  not  only  desirable  but 
very  necessary  for  the  further  development  of  the  industry  is  forcibly 
urged. 

(6)  The  nature  of  the  forage  crops  and  their  distribution  are  indi- 
cated in  this  bulletin  in  general  terms,  as  are  some  of  the  undesirable 
plants,  and  methods  of  eradicating  the  latter  are  suggested. 

(7)  The  management  of  the  controlled  range  is  contrasted  with 
that  now  possible.  It  is  shown  that  the  present  form  of  control  can 
result  in  nothing  but  overstocking.  Closely  cropped  range  plants 
produce  probably  not  more  than  one-third  as  much  forage  as  when 
they  are  allowed  to  mature  before  being  grazed.  Feed  which  is  good 
only  in  the  summer,  either  by  virtue  of  its  kind  or  its  position,  can  be 
properly  utilized  only  on  a  controlled  range.  The  more  or  less  regu- 
lar recurrence  of  cycles  of  dry  years  makes  the  reservation  of  feed 
necessary.  This  is  rarely,  if  ever,  possible  on  an  open  range.  The 
distribution  of  stock  water  is  to-day  poor  when  considered  from  the 
standpoint  of  the  demands  of  the  business.  Much  could  be  done  to 
improve  this  condition,  but  the  necessary  expenditure  is  not  war- 
ranted while  the  right  of  control  is  so  uncertain.  Much  damage  has 
been  done  to  the  ranges  by  erosion.  Efforts  to  correct  this  condition 
and  to  stop  the  consequent  losses  to  the  I'ange  and  industry  are  not 
warranted  so  long  as  a  man  may  not  know  that  he  is  to  profit  by  his 
effort.  Reseeding  operations  will  pay  in  some  places,  but  the  effort 
and  expense  are  not  warranted  without  the  guaranty  of  returns. 
Fencing  gives  more  complete  control  of  stock  and  reduces  the  expense 
of  operation  in  many  ways.  It  allows  a  better  organization  of  the  busi- 
ness and  makes  the  reduction  of  losses  and  increase  of  output  possible. 
It  also  makes  the  improvement  of  the  quality  of  the  stock  possible  by 
giving  control  of  the  breeding  operations.  It  renders  the  classifica- 
tion and  grading  of  the  animals  feasible,  thereby  tending  to  increase 
salability.  Protection  from  and  eradication  of  diseases  and  all  types 
of  quarantine  operations  are  much  more  easily  applied  to  inclosed 
areas,  and  some  of  the  more  desirable  operations  are  impossible  on  an 
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open  range.  Feeding  stock  in  times  of  scarcity  of  range  feed  is  indi- 
cated even  under  the  present  system  of  management,  but  this  very 
desirable  improvement  can  hardly  be  expected  to  occur  till  a  better 
form  of  land  tenure  is  guaranteed. 

(8)  The  opposition  to  some  legalized  system  of  control  is  to-day 
more  a  passive  than  an  active  one  and  is  due  mostly  to  a  fear  of  quite 
imcertain  and  indefinite  possible,  but  not  probable,  consequences. 
There  is  every  reason  to  expect  that,  whatever  the  system,  those  in 
possession  of  the  range  would  be  given  legal  control  of  the  land  they 
occupied  at  the  time  the  system  went  into  effect,  assuming  that  they 
complied  with  the  requirements. 
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OBSERVATIONS  ON  THE  PATHOLOGY  OF 
THE  JACK  PINE. 

By  James  R."  Weir,  ^ 

Forest  Pathologist ^  Office  of  Investigations  in  Forest  Pathology. 

INTRODUCTION. 

A  discussion  of  the  fungous  diseases  of  a  particular  forest  tree  is 
incomplete  unless  the  general  habitat  in  which  the  tree  grows  and 
which  influences  the  occurrence  and  virulence  of  its  diseases  is  con- 
sidered. In  general,  a  description  of  the  characteristic  home  of  the 
jack  pine  (JPinus  divaricata  (Ait.)  Du  Mont,  de  Cours.)  is  essentially 
that  of  the  sandy  plains  in  the  region  of  the  Great  Lakes,  where  it 
attains  its  greatest  size.  Here  the  sand  deposits  are  usually  of  great 
thickness  and  heavily  mixed  with  glacial  drift.  The  soil  is  composed 
chiefly  of  the  same  materials.  With  the  exception  of  some  of  the 
lower  plains  and  old  lake  levels  the  humus  soil  is  very  thin.  In  most 
regions  within  the  range  of  the  jack  pine  there  is  practically  no  humus. 
Where  humus  does  exist  in  any  appreciable  thickness  it  is  so  much  a 
part  of  the  underlying  sand  and  gravel  that  it  dries  out  very  rapidly, 
affording  no  opportunity  for  a  luxuriant  and  uniform  forest  cover. 
Exceptions  to  this  occur  in  parts  of  Minnesota  and  Canada.  The 
improvement  in  the  quality  of  the  soil  is  at  once  reflected  by  the  larger 
size  of  the  jack  pine  and  incidentally  in  the  nature  and  virulence  of 
the  diseases  attacking  it.  Observations  show  that  a  continuous  and 
sustained  growth  in  the  case  of  the  jack  pine  is  not  conducive  to  much 
injury  from  wood-destroying  fungi. 

Owing  to  the  rapidity  with  which  the  soil  of  the  jack-pine  ''plains'^ 
dries  out  and  to  the  inflammable  nature  of  the  shght  ground  cover, 
favorable  conditions  are  furnished  for  forest  fires.  This,  in  turn, 
likewise  greatly  influences  the  presence  of  fungous  diseases  as  a  result 
of  injuries  caused  by  the  fires.  Severe  and  rapid  changes  in  temper- 
ature and  a  fluctuation  of  the  mean  annual  precipitation  are  other 
factors  characteristic  of  the  jack-pine  habitat.  The  susceptibility  of 
forest  trees,  and  likewise  of  the  fungi  attacking  them,  to  the  influence 
of  soil  and  cUmate  directly  or  indirectly  produces  conditions  favor- 
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able  or  unfavorable  to  the  best  development  and  spread  of  disease. 

The  fungi  inhabiting  the  bark  and  leaves  are  probably  influenced  by 

these  factors  in  a  far  greater  degree  than  are  those  attacking  the 

heartwood. 

Pathologically,  the  jack  pine  may  be  divided,  in  most  regions  of  its 

range,  into  two  forest  types,  which  are  determined  lai^ely  by  the 

amount  of  moisture  in  the  soil. 
The  fungi  at  work  in  the  moist  or 
swamp  type  may  occur  in  the  drier 
and  more  arid  type,  but  may  show 
considerable  variation  in  the  abun- 
dance of  any  one  species.  Another 
factor  of  considerable  importance 
is  the  absence  or  presence  of  any 
associate  tree  of  the  type  which 
may  prove  equally  or  even  more 
susceptible  to  cosmopolitan  fimgi 
and  thus  increase  the  chances  of 
infection  for  all  members  of  the 
stand.  In  many  parts  of  its  range 
the  jack  pine  occurs  in  purestands. 
In  mixture  with  other  species  it  is 
usually  attacked  by  a  greater  num- 
ber of  diseases  than  in  pure  stands. 

DISEASES. 

The  fungus  causing  the  greatest 
immediate  injury  to  the  jack  pine 
of  all  age  classes,  as  determined  by 
pathological  surve3rs  in  Michigan 
and  Minnesota,  is  Peridermium 
cerebrum  Peck  (Oronartium  quercus 
(Brondeau)  Schrot.).*  The  galls 
(fig.  1)  produced  through  the  stimu- 
lative effect  of  the  fungus  are  in 
May  and  June  covered  with  glob- 
oid swellings  somewhat  after  the 
manner  of  the  convolutions  of  the 

I  Peridermium  cerebrum  is  quite  similar  to  P.  harknestii  Moore,  which  causes  much  damage  to  Pinna 
coTUorta  (lodgepole  pine)  in  the  West.  Some  recent  observations  by  Hedgcock  and  Melnecke  indicate  the 
possible  identity  of  Peridermium  cerebrum  with  P.  harknetgii  on  Pinut  radiata  (Phytopathology,  vol.  3, 
p.  16, 1913).  These  two  PeriJermiums  are  held  by  Arthur  and  Kern  to  be  identical  (Mycologia,  vol.  6, 
no.  3,  pp.  133-137, 19H).  Cultural  experiments  by  Arthur  and  Kern  (Mycologia,  vol.  6,  no.  3,  pp.  133-137, 
1914)  and  also  by  Hedgcock  and  Long  (Journal  of  Agricultural  Research,  vol.  2,  pp.  247-249, 1914)  demon- 
strate the  identity  of  Peridermium  fusiforme  with  P.  cerebrum.  Peridermium  globosum  Arthur  and  Kern 
founded  on  a  single  specimen  and  supposed  to  occur  on  Pinus  strobut  has  been  acknowledged  by  the  authors 
to  be  P.  cerebrum  on  PinuJt  divaricata.  The  error  arose  from  a  misidentiflcation  of  the  host  (Myodogia, 
vol.  6,  no.  3,  pp.  133-137, 1914). 


Fio.  1.— An  18-year-old  jack  pine  infected  with 
Peridermium  cerebrum,  showing  the  character- 
istic swellings  which  extend  around  the  main 
stem. 
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brain — cerebroid.     These  blisterlike  swellings  are  orange-yeUow  at 
first;  after  the  ruptiu'e  of  the  peridium  and  the  dispersal  of  the 
golden  yeUow  seciospores  they  become  whitish.     The  gall  formation 
causes  great  injmy  to  the  tnmk  and  branches  (fig.  1).     The  infection 
usually  begins  by  means  of  some  injury  to  the  bark  or  cambial  layer. ^ 
The  gall  swellings  gradually  increase  from  year  to  year  from  the 
growth  of  a  perennial  mycelium,  so  that  they  finally  encompass  the 
entire  branch,  resulting  eventually,  if  the  galb  are  near  the  tnmk,  in 
its  death  below  and 
above  the  hypertro- 
phy.    Whether  or 
not  the  entire  branch 
dies    depends    upon 
the  presence  of  lat- 
eral, leafed  branches 
below  the  gall. 

In  dry  sandy  areas 
Peridermium  cere- 
brum confines  itseK 
more  generally  to  the 
branches,  occurring 
rarely  on  the  trunk 
but  frequently  in  the 
axils  of  the  branches. 
This  latter  condition 
usually  results  in  a 
combination  trunk 
and  branch  gaU, 
which  in  nmnerous 
instances  produces 
greater  damage  than 
either  of  the  other 
two  types  of  galls. 
The  branch  and 
trunk  are  girdled  by 
abnormal  wood 
tissue  and  are  thus 
weakened  (fig.  2).  This  results  usually  in  either  the  branch  or  the 
tree  being  blown  down  by  the  wind.  Personal  observations  show 
that  borers  and  wood-rotting  fungi  entering  at  the  burl  often  hasten 
the  decline  of  the  tree. 

From  a  careful  examination  of  young  twigs  showing  very  recent 
infections  at  leaf  scales,  leaf  traces,  and  at  the  bases  of  young  pistillate 


Fio.  2.— Cross  sections  of  the  main  trunk  of  a  Jack  pine  heavily  in- 
fected with  PeHdermiwn  cerebrum.  Note  the  progressive  girdling 
by  the  resinous  burl  tissues  in  the  upper  figure  and  its  effects  on 
the  increment  of  the  tnmk  below,  as  shown  in  the  lower  figure. 


1  Wounds  made  by  sapsuckers,  ovipositors  of  bark-stinging  insects,  rodents,  and  ice  and  snow  breaks 
are  common  means  of  entrance  for  Peridermium  cerebrum. 
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flowers,  it  is  believed  that  Peridermium  cerebrum  can  enter  young 
seedlings  or  the  tender  portions  of  more  matiu'e  growth  without  first 
having  the  bark  broken.  Entrance  in  this  manner  must,  out  of 
necessity,  be  aided  by  sufficient  moisture  for  germination  and  to  per- 
mit a  rapid  penetration  by  the  young  mycehum.  On  the  sandy 
plains  of  the  Great  Lakes  region  rain  water  disappears  almost  iromedi- 
ately  and  the  sand  becomes  heated  about  the  isolated  tree  groups, 
causing  a  rapid  evaporation  from  the  surface  of  the  trunk  and 
branches  and  leaving  the  moisture  content  of  the  outer  bark  at  a 
minimum.  In  whatever  manner  the  fungus  may  enter  its  host, 
directly  or  through  wounds,  the  number  of  galls  and  imperfect 
branches  is  usually  much  less  on  trees  of  the  sandy  barrens  than  in 
more  moist  regions. 

In  swampy  areas  the  jack  pine  grows  in  close  stands.  Here  the 
percentage  of  infected  trees  is  much  greater.  The  trunks  of  the  6  to 
12  year  old  jack  pines  are  often  covered  with  swellings  stunting  the 
growth  of  the  trees  very  rapidly  (PI.  I,  fig.  1).  Trees  so  infected 
never  reach  maturity  and  may  continue  living  for  an  indefinite 
period  in  a  stunted  condition,  to  be  finally  blown  over  by  the  wind 
or  broken  down  by  the  snow.  The  1  to  4  year  old  seedlings  are  quite 
often  attacked.  With  these,  as  is  often  the  case  with  larger  trees 
which  through  mechanical  injury  may  become  infected  at  the  groimd, 
the  gall  is  formed  directly  at  the  base  of  the  main  stem.  When  a 
seedling  is  infected  there  or  higher  up  on  the  stem,  it  develops  into  a 
deformed  growth  after  the  manner  of  a  witches'-broom  (PL  I,  fig.  2) 
and  never  attains  a  height  of  more  than  2  or  3  feet.  The  perennial 
mycelium  of  the  fungus  thrives  in  the  cambial  layer  and  in  the  living 
parts  of  the  sapwood.  Trees  with  a  single  infection  on  the  trunk 
occurring  at  the  age  of  4  to  6  years  are  known  to  support  the  living 
mycehiun  of  the  fxmgus  to  the  advanced  age  of  70  to  80  years.  Usu- 
ally, however,  the  excessive  production  of  resin  in  the  infected 
tissues  infiltrates  the  woody  portion  of  the  trunk,  and  the  sap  supply 
is  cut  off  so  that  death  results  in  a  comparatively  short  time  (fig.  2). 
This  is  especially  true  in  young  seedlings.  Peridermium  galls  are 
frequently  observed  a  foot  or  more  in  diameter.  Trees  supporting 
galls  of  this  size  had  succumbed  in  every  instance  to  the  xiisease. 

Some  knowledge  of  the  damage  done  by  Peridermium  cerebrum  to 
the  jack  pine  may  be  obtained  from  notes  of  a  pathological  sm^ey 
by  the  writer  in  the  national  forests  of  Michigan.  Out  of  100  trees 
of  an  average  plat  on  dry  sandy  soil,  not  selected  because  of  any 
pronounced  diseased  condition,  50  per  cent  were  heavily  infected, 
while  only  an  occasional  tree  out  of  a  second  himdred  on  similar  but 
moister  soil  was  absolutely  free  from  the  disease.  Out  of  100  trees 
taken  from  the  swamp  type,  practically  all  were  infected.  Not  all 
the  trees  were  infected  seriously,    A  tree  bearing  a  single  branch  gall 
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Fig.  t.— a  6-Year-Old  Jack  Pine  In-  Fiq.   2.— Four-Year-Old   Seedlings 

FECTEDWITH  PERIDERMIUM  CEREBRUM.  OF  JACK   PiNE,  SHOWING  THE  CHAR- 

The  complete  girdling  of  the  main  stem  by  ACTERISTIC  SWELLINGS  OF  Perider- 

two  oppositely  arranged   galls  is  shown.  mium  CEREBRUM. 

Note  the  wedge-shaped  gall  tissues.  _.         ^.  ,  ^^         ^„        ^       , 

The  entire  cro\*Ti  of  the  seedlings  develops 
into  spherical  brooms. 


Fig.  3.— Various  Types  of  Infection  of  Young  Jack  Pine  by  Peri- 

DERMIUM  COMPTONIAE. 

Note  that  in  the  central  figure  the  fungus  has  invaded  the  underground  tissues 
of  the  stem. 
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-was  marked  ''infected."     Four  trees  specifically  studied  yielded  by 
actual  count  an  average  of  220  burls  on  the  branches  and  13  on  the 
trunks.     The  cones  produced  by  these  trees,  although  of  average 
number,  were  small,  with  a  higher  percentage  of  abortive  sporophylls 
than  is  commonly  the  case  with  this  species  (fig.  3).     Comparative 
germination  tests  of  seeds  from  heavily  infected  and  vigorous  non- 
infected  jack  pine  of  the  same  age  and  type  conditions  showed  for 
the  former  a  germination  of  19  per  cent  below  that  of  the  latter.     For 
this  experiment   10 
samples,    consisting 
of  a  dozen  or  more 
cones,   were    taken 
from    each   of    five 
heavily  infected  and 
five    uninfected 
pines.     Fifty    seeds 
from  each  of  these 
samples  were  plant- 
ed in  sand,  kept 
moist  with  distilled 
water,  and  allowed 
to  stand  at  labora- 
tory temperature 
(about  70^  F.)  for 
90  days. 

The  prolific  devel- 
opment of  Peridermr 
ium   cerebrum  in 
many  parts  of  the 
jack-pine  forests  of 
the   Great    Lakes 
region  is  a  factor  in 
reforestation   which 
should  be  carefully 
considered.     The 
fact  that  the  fungus 
occiu^  so  commonly 
on  young  seedhngs   in  the  natiu*al  forest  and  occasionally  in  the 
nursery  shows  that  it  is  a  menace  to  the  best  development  of  the 
species.     The  largest  and  best  formed  jack  pine  in  all  the  regions 
studied  where  the  Peridcrmium  was  abundant  was  almost  entirely 
devoid  of  this  injiuious  disease.     However  this  may  be  mterpreted 
as  to  the  original  differences  in  vigor,  the  fact  that  heavily  infected 
trees  were  invariably  scrubby  and   ill  formed  is,   in  the  mind  of 
the  writer,   directly  referable  to  the  effects  of  the  parasite.     The 
fact  that  P.  cerebrum  has  its  teUal  stage  on  the  leaves  of  several 


Fig.  3.— Branch  of  Jack  pine  with  aborted  cones,  the  result  of  a  severe 
attack  of  Peridermium  cerebrum.  Note  that  some  of  the  cones  did 
not  open  and  that  most  of  them  are  less  than  an  inch  in  length. 
Average  normal  cones  measm^  from  1^  to  2  inches. 
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species  of  Quercus  ^  should  be  of  much  sigiiificence  in  control  ixrork. 
Quercus  velutina  and  Q,  cocdnea  are  two  scrub  oaks  frequently  form- 
ing a  conspicuous  part  of  the  jack-pine  type,  particularly  in  Michigan. 
Methods  could  be  devised  for  the  eradication  of  these  worthless 
species,  thus  removing  the  alternate  host  of  the  fungus.  However 
impracticable  this  may  be  on  a  large  scale,  in  wood  lots  and  small 

holdings  this  would  not  be  a  very  difficult 
matter.  The  removal  of  infected  branches  of 
yoimg  growth  could  be  done  in  the  orchard- 
like stands  of  jack  pine  on  the  more  sandv 
soils,  thus  saving  many  young  trees  from  early 
suppression. 

In  a  few  instances,  in  the  region  studied, 
yoimg  jack  pine  was  found  to  be  diseased  by 
Peridermium  comptoniae  (Arthur)  Orton  and 
Adams  (Cronariium  comptoniae  Arthur). 
(Fig.  4.)  In  the  experience  of  the  writer  this 
fungus  was  not  common.  The  aecial  stage  of 
the  f imgus  is  chiefly  characterized  by  a  sUght 
fusiform  swelling,  seldom  forming  the  spheri- 
cal galls  so  characteristic  for  P.  cerebrum.  The 
peridia  rupture  with  a  sharply  serrate  or 
spiny  margin.  The  fimgus  is  further  dis- 
tinguished from  P.  cerebrum,  by  attacking 
principally  yoimg  seedlings  (PI.  I,  fig.  3)  and 
causing  excessive  brooming  of  the  branches. 
It  was  not  foimd  on  more  mature  growth. 
P.  cerebrum  attacks  both  young  and  old  trees. 
P.  comptoniae  has  its  alternate  stage  on  sweet 
fern '  (Comptonia  peregrina  and  Myrica  gale). 
Without  the  production  of  the  teUospores  on 
these  plants  the  fungus  can  not  reproduce 
itself  on  the  jack  pine. 

As  a  precaution  agains  tthese  Peridermiums 
entermg  the  forest  nursery  and  the  possibihty 
of  their  transportation  to  other  regions,  all 
alternate  hosts,  such  as  species  of  oaks  and 
sweet  ferns,  should  be  removed  from  the 
vicinity  of  the  nursery.  This  immunity  zone 
should  bo  extended  as  far  back  from  the  nursery  as  time  and  means 
will  allow.  Before  new  nurseries  are  estabhshed  a  pathological  sur- 
vey of  the  immediate  region  should  be  made  as  to  the  presence  of 
these  hetercrcious  pine  rusts.     Much  attention  should  also  be  given 

»  Demonstrated  by  Dr.  C.  L.  Shear,  Jour.  Myc,  vol.  12,  p.  89, 1906., 

■  Demonstrated  by  G.  P.  Clinton,  Conn.  Agr.  Exp.  Sta.  Rept.,  1907,  pp.  38(K183,  1908. 


Fig.  4.— Young  jack  pine  Infected 
with  Peridermium  comptoniae. 
Note  the  ruptured  peridia  with 
t  heir  sorrat  e  margins. 
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thd  selection  of  nursery  sites,  with  regard  to  the  topography  and 
prevailing  winds  of  the  region. 

With  the  exception  of  Peridermium  cerebrum  and  P.  comptoniaef 
few  fungi  of  economic  importance  attack  the  Uving  jack  pine  in 
the  drier  parts  of  its  range.  On  the  dry  pine  barrens  of  the  Lake 
States  the  jack  pine  reaches  its  normal  age  without  much  defect 
in  the  wood  arising  from  fungous  diseases,  although  exceptionally 
old  trees  of  90  years  and  more  frequently  show  considerable  decay. 
In  mixture  with  other  species  in  the  more  moist  regions  of  its  range, 
particularly  in  parts  of  northern  Minnesota  and  of  Canada,  Trametes 
pini  (Brot.)  Fr.  causes  considerable  heart-rot  in  trees  of  60  years  and 
older.  In  general,  however,  this  fungus  is  in  negUgible  quantities. 
In  close  stands  jack  pine  prunes  readily  during  its  most  rapid  growing 
period,  forming  straight  clear  stems.  The  rapid  occlusion  of  the 
branch  knots  shortens  the  danger  period  for  infection  by  wound 
fungi.  It  is  principally  due  to  this  fact  that  some  of  the  most  serious 
wood-destroying  fungi  do  not  effect  an  entrance  imtil  the  tree  has 
reached  its  period  of  decline. 

Polyporus  schwew/Ueii  Fr.,  causing  a  butt  rot,  is  usually  in  greater 
abundance  than  Trametes  pini,  but  the  percentage  of  infected  trees, 
even  on  the  more  protected  soils,  is  seldom  more  than  2  to  4  per  cent 
of  the  stand.  The  jack  pine  is  a  deep-rooted  species  and  unless  the 
root  system  comes  in  contact  with  a  hard  stratum  of  clay  and  gravel, 
root-destroying  fungi  are  largely  a  neghgible  quantity.  In  this  class 
are  Fomes  annoaua  Fr.  and  ArmiUaria  meUea  (Vahl.)  Qu61.,  which 
very  rarely  occur  on  the  jack  pine.  Only  a  few  isolated  and  imim- 
portant  infections  have  ever  been  recorded  by  the  writer. 

The  jack  pine  does  not  suffer  any  material  injury  from  needle 
fungi.  Those  that  do  occur  are  mostly  of  a  saprophytic  nature. 
LopJwdermium  pinastri  Schrad.  is  found  only  occasionally. 

On  dry  soils  in  open  stands  the  jack  pine  frequently  shows  a 
tendency  to  form  witches'-brooms.  The  terminal  shoot,  which  is 
the  part  usually  affected,  develops  into  a  thick-matted  broom,  pre- 
cluding any  further  growth  in  that  direction.  Trees  thus  infected 
usually  show  a  rapid  falling  off  in  increment,  probably  dating  from 
the  time  when  the  influence  of  the  parasite  was  first  felt.  Another 
type  of  broom  formation  is  confined  to  the  lower  and  older  branches 
and  has  a  similar  effect  on  the  growth  of  the  host.  These  brooms  are 
probably  caused  by  some  perennial  fungus.  In  the  absence  of  any 
fruiting  structures  the  causal  organism  can  not  be  determined. 

The  jack  pine  in  its  eastern  range  is  not  subject  to  mistletoe  injury. 
Macoun  *  reports  the  occurrence  of  Razoumofskya  americana  (Nutt.) 
Kuntze,  the  lodgepole-pine  mistletoe,  on  the  jack  pine  in  Canada. 

1  Maooun,  John.    Catalogue  of  Canadian  Plants,  pt.  3,  p.  422.    Montreal,  1886. 
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The  writer  finds  this  mistletoe  to  be  the  cause  of  serious  damage  to 
the  jack  pine  at  its  most  western  extension  or  where  it  approaches  the 
zone  of  the  lodgepole  pine  in  the  north. 

SAPROPHYTIC  FUNGL 

Aside  from  the  previously  mentioned  wood-destroying  species, 
which  in  many  cases  continue  alive  after  the  death  of  the  host/  the 
usual  strictly  saprophytic  fungi  of  coniferous  woods  are  found  on  cut 
or  fire-killed  jack  pine.  CeratostomeUa  pUifera  Fr.,  the  blue-stain 
fungus,  appears  very  rapidly  after  the  death  of  the  tree.  In  moist 
situations,  species  of  Auricularia  and  Dacryomyces  are  surprisingly 
abundant,  but  can  be  of  httle  importance,  as  the  mycelium  does  not 
penetrate  the  wood  to  any  appreciable  distance.  The  first  fungus 
of  importance  is  Polystictua  abietimts  Dicks.  This  is  a  sap-rotting 
species  and  is  seldom  absent  from  fire-killed  trees  after  the  second  or 
third  year.  Second  in  importance  is  Lemites  sepiaria  Fr.,  which 
works  both  in  the  sap  and  in  the  heartwood  and  usually  appears  on 
the  fallen  trunks  after  they  have  lain  for  three  or  four  years,  following 
'jip  the  first-mentioned  fungus.  The  Lenzites  appearing  on  jack  pine 
is  invariably  the  true,  small,  thin-fruited  form,  with  radiating  gills. 
Lemites  sepiaria  is  as  easily  recognized  by  the  orange-yellow  color 
of  its  growing  margin  as  the  young,  growing  Polystictus  abietirms  is 
by  its  beautiful  purple  tinge.  Forms  pinicola  Fr.  has  very  little  to 
do  with  the  decay  of  fallen  jack  pine.  This  fungus  has  not  been 
found  to  be  very  common.  Polyporus  palusiris  Berk,  and  Curt, 
occasionally  appears,  but  is  more  common  on  dead  Norway  pine. 
Fomes  cameus  **Nees''  very  rarely  occurs  on  jack  pine.  Lentinus 
lepideus  Fr.,  Polyporus  sulphur eus  Fr.,  and  Trametes  sepium  have 
been  collected  by  the  writer  on  dead  jack  pine,  but  they  are  very 
rare.  Resupinate  Thelephoracese  occur  only  in  the  moist  stands  of 
mixed  species.  Those  which  may  be  considered  of  importance  in 
the  decay  of  fire-killed  timber  in  the  forest  are  Coriicium  hyssinum 
(Karst.)  Burt.,  C.  svlphureum  Pers.,  C.  galactinum  (Fr.)  Burt., 
Coniophora  olivaceae  (Fr.)  Bres.,  and  Peniophora  globifera  E.  and  E. 
A  yellowish  white  Poria  which  goes  under  the  name  of  P.  subadda 
Peck  is  occasionally  found  on  fallen  jack  pine  in  Minnesota.  This 
fungus  has  been  observed  by  the  writer  in  a  fruiting  condition  on  old 
boxes  and  barrel  staves  made  from  newly  felled  living  trees.  This 
indicates  its  probable  parasitism  on  jack  pine  in  the  hving  forest. 

1  This  is  a  lact  that  is  not  generally  appreciated,  and  on  it  depends  the  solution  of  some  very  important 
patholo^cal  problems  In  the  forest.  Vigorously  growing  sporophores  of  Trametes  pint  qxinging  from 
original  infections  in  the  living  tree  have  been  collected  from  a  Cedlen  western  larch  which  had  lain  on  the 
ground  for  more  than  100  years.  This  was  determined  by  the  age  of  a  western  red  cedar  growing  astride  the 
fallen  trunk.  Practically  all  the  more  serious  wound  and  root  fungi  of  the  genera  Trametes,  Fomes,  Poly- 
porus, and  Agaricus  in  moist  situations  continue  alive  indefinitely  after  the  death  of  their  hosts. 
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mJURIES  DUE  TO  OTHER  CAUSES. 

In  the  absence  of  an  adequate  snow  protection  on  the  flat  wind- 
swept pine  barrens  of  the  Lake  States,  winter  injury  sometimes 
results  to  young  growth  from  long  exposure  to  freezing  temperatures. 
Winter-injured  seedlings  of  jack  pine,  however,  recover  more  rapidly 
than  those  of  the  more  sensitive  associate  species  and  when  in  this 
condition  are  not  so  apt  to  be  attacked  by  secondary  deteriorating 
agents.  It  has  already  been  stated  that  the  deep  root  system  of  the 
jack  pine  is  imfavorable  to  some  root-destroying  fimgi.  In  Uke' 
measure  this  is  a  safeguard  against  injury  by  wind.  It  is  very 
unusual  to  find  jack  pine  blown  down  by  the  wind  when  the  trees 
are  in  a  healthy  condition.  Very  old  trees  sometimes  succumb  to 
strong  winds,  but  it  is  found  that  such  trees  are  usually  mechanically 
weakened  by  wood-destroying  fungi.  The  jack  pine  may  be  con- 
sidered very  windfirm.  Porcupines  and  squirrels  are  known  to  do 
considerable  injury  to  jack  pine  during  the  winter  months  when  food 
is  scarce.  The  latter  animal  is  much  addicted  to  gnawing  the  galls  of 
Peridermium  cerebrum  in  the  spring  during  the  period  of  the  exudation 
from  the  diseased  bark  of  a  sweet  yellow  liquid  which  bears  the  conidi- 
ospores  of  the  fimgus..  Since  squirrels  also  gnaw  the  galls  when  the 
aeciospores  are  mature,  they  may  be  considered  a  factor  in  the  dis- 
tribution of  this  fungus.  The  bark  of  the  galls  is  frequently  com- 
pletely gnawed  away,  kilUng  the  infection. 

In  general,  the  jack  pine  is  very  sensitive  to  fire,  which  usually 
causes  the  greatest  injury  in  the  typical  dry  sandy  jack-pine  plains. 
In  many  cases  fire  injury  in  jack  pine  results  from  repeated  biun- 
ings,  the  tree  having  successfully  withstood  the  first  slight  ground 
fires.  Fires  in  the  more  typical  jack-pine  forests  pass  through  very 
quickly,  so  that  the  thickened  bark  immediately  at  the  base  of  the 
tree  affords  sufficient  protection  \mtil  it  is  binned  off  by  succeeding 
fir^,  which  frequently  occur  notwithstanding  the  meager  ground 
cover.  The  fact  that  the  species  frequently  grows  in  orchardhke 
stands  or  in  isolated  groups,  more  or  less  separated  from  one  another 
by  free  areas,  greatly  lessens  the  damage  of  the  fire  spreading  from 
one  group  to  another.  However,  the  low-spreading  branches,  which 
often  extend  to  the  ground,  increase  the  danger  from  crown  fires. 

CONCLUSIONS. 

With  reference  to  the  prevalence  and  severity  of  its  fungous  ene- 
mies, two  distinct  forest  types  for  the  jack  pine  may  be  recognized: 
The  pure  dry  sandy-plain  type  and  the  mixed  type  of  moist  protected 
soils. 

The  most  important  fxmgous  disease  of  the  jack  pine  is  Peridermium 
cerebrum  Peck,  the  control  of  which  in  many  localities  is  quite  a  serious 
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forest  problem.  The  fungus  attacks  all  age  classes,  causing  thr 
death  or  early  suppression  of  trees  of  tender  years  and  serioiKl} 
interfering  with  the  propagation  and  development  of  more  mature 
growth. 

From  the  standpoint  of  merchantability,  wood-destroying  fungi  in 
the  living  tree  are  in  almost  all  regions  a  negligible  quantity.  The 
two  most  important  are  Trameies  pini  (Brot.)  Fr.  and  Pdypont 
achweinitzii  Fr.  These,  however,  do  not  produce  any  appreciable 
'decay  till  after  the  tree  reaches  its  period  of  decline,  which  is  attained 
after  a  comparatively  rapid  early  growth.  This  period  may  be 
placed  approximately  at  from  60  to  80  years. 

The  wbod  of  dead  jack  pine  rapidly  deteriorates  under  the  influence 
of  a  number  of  saprophytic  fungi  and  may  not  be  expected  to  remain 
sound  in  the  forest  for  more  than  two  or  three  years. 

Jack  pine  is  sensitive  to  heat,  but  suffers  only  occasionally  from 
winter  injury. 

Because  jack  pine  in  general  is  comparatively  free  from  a  number 
of  the  diseases  which  are  common  on  other  conifers  and  is  resisUot 
to  drought,  winter  injury,  and  frost,  it  is  admirably  suited  for  refor- 
esting many  of  the  dry  sandy  regions  of  the  N.orth-Central  States. 
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INTRODUCTION.    . 

This  bulletin  is  the  result  of  an  attempt  to  determine  how  land 
is  being  used  in  the  teaching  of  agriculture  in  secondary  schools  in 
the  United  States.  In  gathering  the  material  upon  which  the  bulletin 
is  based  two  questionnaires  were  sent  out,  one  in  April,  1914,  to  all 
high  schools  receiving  State  aid  for  agriculture,  to  special  agricultural 
schools,  and  to  normal  schools  known  to  have  courses  in  agriculture. 
To  this  400  repUes  were  received.  In  September  another  ques- 
tionnaire was  sent  to  the  same  high  schools  and  special  agricultural 
schools,  but  not  to  the  normal  schools,  which  were  omitted  because 
a  great  part  of  their  Lustruction  relates  to  school  gardens  and  not  to 
work  tending  toward  farm  practice.  Out  of  the  385  schools  replying 
to  the  first  questionnaire,  257  reported  that  some  land  was  used  in 
connection  with  their  agricultural  instruction.  The  schools  so 
reporting  were  distributed  as  follows:  Ten  in  the  New  England  States, 

Note.— This  bulletin  describes  how  land  is  being  used  in  the  teaching  of  agriculture  in  secondary  schools 
and  discusses  some  of  the  problems  involved.    It  is  written  to  aid  all  persons  who  are  engaged  or  interested 
bi  the  teaching  of  agriculture. 
SSTfiS**— Bull.  313-15 
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16  in  the  Middle  Atlantic,  31  in  the  East  North  Central,  86  in  the  West 
North  Central,  15  in  the  South  Atlantic,  36  in  the  East  South  Central, 
60  in  the  West  South  Central,  6  in  the  Mountain,  and  7  in  the  Pacific. 

SCHOOLS  REPORTING  SCHOOL  FARMS  AND  FARM  ANIMALS. 

Of  the  27  special  agricultural  schools,  25  reported  that  they  had 
land  and  2  that  they  had  none.  Of  the  259  high  schools,  166  reported 
land,  and  of  the  101  mmnal  schools^  66.  Of  schools  with  land, 
20  of  the  25  special  schools,  43  of  the  166  high  schools,  and  19  of  the 
66  normal  schools  reported  that  they  had  farm  animals.  In  other 
words,  of  the  257  schools  with  land  only  82  reported  farm  animals. 
In  many  instances  the  farm  animals  consisted  of  a  horse  or  team 
which  was  used  on  the  farm  and  for  driving  by  the  instructor  in  agri- 
culture. 

SIZE  AND  TENURE  OP  THE  FARMS. 

The  reports  indicated  that  40  of  the  257  school  farms  had  1  aore  <^ 
less;  23,  2  acres;  23,  3  acres;  10,  4  acres;  21,  5  acres;  16,  6  acres,  and 
the  remainder  had  6  acres  or  more.  In  other  words,  over  one-half  of 
the  257  school  farms  had  6  acres  or  less.  There  were  58  farms  with 
over  20  acres.  The  records  of  the  College  of  Agriculture  of  the  Uni- 
versity of  Minnesota  showed  that  one-half  of  the  school  farms  in  that 
State  were  rented.  There  is  no  information  to  indicate  whether  this 
is  true  in  other  States  or  not,  but  in  several  States  the  law  requires 
that  the  farms  shall  not  be  leased  for  less  than  five  years,  which  would 
indicate  that  the  schools  could  use  rented  land. 

USE  MADE  OF  THE  FARMS. 

The  reports  show  that  of  the  257  school  farms,  150  were  growing 
corn;  129,  garden  crops;  84,  potatoes;  75,  oats;  61,  alfalfa;  42,  cotton; 
35,  wheat;  29,  clover;  and  20,  sweet  potatoes. 

Out  of  the  3,900  acres  reported  by  84  schools,  only  12  acres  belong- 
ing to  22  schools  were  reported  as  being  used  for  the  raising  of  labora- 
tory material.  Twelve  of  the  84  schools  reported  a  total  of  10  acres 
used  for  projects  for  individual  pupils  Fifty-two  acres  were  reported 
as  used  for  school  gardens.  Some  of  the  larger  uses  to  which  the 
land  was  put  were  827  acres  for  crop  rotation,  593  acres  for  general 
demonstrations,  382  acres  for  raising  pure-bred  seed  for  distribution 
among  the  farmers  and  the  pupils,  206  for  dormitory  supplies,  1 66 
for  fertihzer  demonstration,  and  166  for  general  experiments. 

IS  A  SCHOOL  FARM  NECESSARY? 

A  question  was  asked  as  to  whether  the  school  could  conduct  its 
agricultural  instruction  without  a  school  farm.  Of  the  104  schools 
which  reported  having  land  39  rephed  ^'yes''  and  65  '*no."     If  the 
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replies  were  used  as  they  stand  they  would  indicate  a  majority 
opposed  to  the  school  farm.  However,  of  the  29  having  no  land, 
26  reported  that  they  could  get  along  without  the  school  farm  and  3 
considered  it  essential.  By  taking  both  those  with  land  and  those 
without  land,  65  replied  that  they  could  get  along  without  land,  and 
68  that  they  could  not  get  along  without  it.  In  other  words,  there 
is  a  majority  of  3  in  favor  of  school  farms.  But  an  analysis  of  these 
repUes  indicated  that  the  schools  with  the  small  farm  seem  to  feel 
that  they  could  get  along  without  the  farm  in  their  agricultural 
instruction,  and  the  schools  with  the  large  farms  seemed  to  feel  that 
it  was  an  advantage  and  that  they  could  not  carry  on  their  work 
without  it.  The  small  farms  are  mostly  in  the  Northern  and  Eastern 
States,  and  the  large  farms  in  the  Southern  States.  Most  of  the 
schools  in  the  South  are  more  or  less  of  a  boarding  type,  whereas 
those  in  the  North  and  East  have  a  large  proportion  of  the  pupils 
who  are  at  home  morning  and  night.  Detailed  data  as  to  the  repUes 
are  given  in  the  table  below: 

Analysis  of  replies  to  question  "  Could  you  conduct  your  aaricultuml  instruction  «uo- 
cessfully  tuithoui  school  farm  or  platr* 


Geographic  divisions. 

Having 
land  and 
answer- 
ing yes. 

Having 
landan^ 
answer- 
ing no. 

Havin* 
no  land 

and 
answer- 
ing yes. 

Havlnff 
no  land 

and 
answer- 
ing no. 

New  England . 

4 
3 
3 
27 

1 
1 
1 

3 
3 

1 

21 

9 

-  12 

17 

6 

8 

1 
10 

1 

M1ddl4f  Atrlnntif 

East  North  Central 

West  N(Hth  Central 

2 

flmith  Atlantic .        .   . 

East  South  Central 

I 

West  South  Central 

Total 

39 

66 

30 

8 

ADVANTAGES  AND  DISADVANTAGES. 

In  the  first  questionnaire  the  agricultural  instructor  was  asked  to 
state  the  advantages  and  disadvantages  of  the  school  farm  in  his 
work.  All  the  advantages  seemed  to  be  educational,  and  all  the  dis- 
advantages seemed  to  be  in  connection  with  the  management  of  the 
school  farm.  The  principal  advantages  were  that  the  school  farm 
made  the  instruction  real,  it  gave  the  student  some  practical  agricul- 
tural work,  it  supplied  laboratory  material,  and  it  gave  the  agricul- 
tural instructor  an  opportimity  to  carry  on  demonstrations  for  the 
benefit  of  the  farmer  and  his  pupils.  The  principal  disadvantages 
were  that  help  was  hard  to  get,  the  land  poor,  and  the  instructor's 
time  was  poorly  spent. 

From  a  farm-management  point  of  view  a  more  difficult  problem 
could  not  be  presented  to  an  agricultiiral  instructor  than  is  foimd  in 
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the  school  farm  as  it  exbts  in  the  Northern  and  Eastern  States.  Moot 
of  the  farms  have  a  small  acreage.  Sixty-one  of  the  84  schools  in 
Minnesota  depend  entirely  upon  day  help^  all  the  team  work  is  hired, 
4uid  the  land  is  expensive.  In  Minnesota  the  average  value  per  acre 
is  $150.  It  generally  takes  two  or  three  years  to  put  this  land  in 
shape  to  be  used  for  agricultural  purposes.  Many  farms  are  without 
farm  buildings.  If  they  have  buildings,  the  investment  is  high  in 
proportion  to  the  acreage  cultivated  and  to  the  crops  obtained.  The 
majority  of  them  have  little  or  no  machinery,  so  when  they  want  to 
cultivate  or  gather  their  crops  they  must  borrow^  The  majority  have 
no  live  stock,  so  that  they  have  to  purchase  their  manmre.  It  is  only 
in  exceptional  instances  that  the  agricultural  instructor  lives  on  or 
near  the  school  farm. 

MANAGEMENT  OF  THE  SCHOOL  FARM. 

Considering  these  factors  from  a  farm-management  point  of  view, 
it  can  be  readily  seen  that  the  agricultural  instructor  has  a  peculiar 
problem  on  his  hands.  The  majority  of  them  have  not  been  able  to 
solve  it  satisfactorily.  The  agricultural  instructor  who  can  not  make 
his  farm  pay  has  very  little  standing  among  the  farmers,  since  as 
long  as  the  farm  does  not  pay  he  has  to  admit  that  he  can  not  pro- 
duce crops  with  a  profit.  What  farmer  would  have  any  confidence  in 
such  a  man  ?  Those  schook  which  succeed  must  practice  an  intensive 
system  of  agriculture.  The  school  farms  which  seem  to  have  met 
with  the  best  success  are  those  which  are  growing  pure-bred  com, 
pure-bred  small  grains,  potatoes,  alfalfa,  cabbage,  and  the  like. 
This  gives  them  a  high-priced  crop  and  enables  the  school  to  get  good 
seed  to  be  distributed  in  the  neighborhood.  Thirty-three  of  the 
eighty-four  schools  reporting  on  this  point  were  using  a  part  of  their 
land  for  raising  pure-bred  seed  for  distribution.  Some  had  extended 
this  idea  to  the  growing  of  fruit  trees  and  berry  vines  to  be  dis* 
tributed  in  a  similar  manner. 

The  school  adds  to  its  eflFectiveness  if  it  becomes  the  distributing 
center  of  high-class  seed  .and  trees.  Indeed,  where  they  have  live 
stock  they  should  develop  the  same  idea  by  extending  the  service  of 
the  sires  in  the  neighborhood  and  distributing  their  young  among 
the  farmers.  Several  iostances  were  found  in  the  South  where  the 
boys  in  the  pig-club  work  were  being  furnished  with  pigs  from  the 
school  farm  in  the  same  way  that  boys  in  the  com  clubs  in  the  North 
were  being  furnished  with  com  from  school  farms. 

KINDS  OF  WORK  PUPHiS  ENGAGE  IN. 

The  kinds  of  crops  grown  and  the  types  of  farming  carried  on  have 
already  been  ascertained.  The  next  point  of  interest  is  the  kinds  of 
work  that  the  student  is  engaged  in  on  the  school  farm.     The  three 
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types  that  stand  out  most  prominently  are  the  preparation  of  the  land, 
the  planting  of  the  crops,  and  the  harvesting  of  the  same.  In  most 
of  the  agricultural  schools  the  pupil  has  Uttle  or  no  part  in  the  culti- 
vating of  the  crops.  The  different  kinds  of  labor  in  which  the  pupils 
engage  are  shown  in  the  following  table: 

Kinds  of  labor  in  which  students  are  engaged  on  the  school  farm  or  plat. 

Improvement  of  school  groimd 2 

Gardening 12 

Harvesting 1 

Digging  potatoes 3 

Com  raising 4 

Selecting  seed  com 8 

Planting  grains 2 

Planting  potatoes 4 

Harvesting  alfalfa 1 

Harvesting  grains 4 

Haying 1 

Picking  cotton 1 

Picking  peas 1 

Kenovating  orchards 1 

Orchards 5 

Pruning 3 

Berry  patch 2 

Planting  trees 2 


Mulching  trees 2 

Spraying  trees 6 

Dairying 3 

Caring  for  stock 2 

Poultry 3 

Bees 1 

Greenhouses 2 

Grading  land 1 

Drainage 2 

Rimning  survey  lines 2 

Ditching 1 

Terracing 1 

Applying  fertilizers 2 

Preparation  of  land ^ 10 

Plowing 2 

Harvesting 1 

Fencing. 4 


USE  OF  LAND  TO  TEACH  GENERAL  PRINCIPLES. 

A  question  was  asked  as  to  whether  the  agricultural  instructor 
used  the  land  to  teach  technique  or  general  principles.  The  invaria- 
ble answer  was  general  principles.  When  it  is  considered  that  most 
schools  have  an  average  of  30  to  40  pupils  to  an  agricultural  instructor 
and  from  5  to  10  acres  on  which  to  give  them  instruction,  it  can  be 
realized  that  the  student  can  get  but  Uttle  actual  experience  in  the 
ordinary  farm  operations  and  that  the  instructor  can  simply  show 
what  has  happened  under  certain  conditions. 

HOME  PROJECTS. 

In  the  second  questionnaire  several  questions  were  asked  in  regard 
to  home  projects.  Seventy-four  of  the  156  schools  reported  that  their 
students  were  doing  home-project  work,  61  reporting  corn,  37  garden, 
26  poultry,  25  potatoes,  14  dairying,  12  orchards,  12  alfalfa,  and  10 
keeping  herd  records.  There  was  but  one  report  for  cotton.  That 
there  were  few  home  projects  in  the  South  can  be  readily  explained 
when  it  is  considered  that  the  agricultural  schools  are  of  the  boarding 
type  and  that  the  districts  served  are  generally  congressional  dis- 
tricts or  some  larger  area.  There  seems  to  be  but  Uttle  supervision 
by  the  agricultural  instructor  except  in  the  New  England  and  Middle 
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Atlantic  States.  Instructors  in  the  West  North  Central  States  did 
not  visit  their  pupils  on  an  average  of  more  than  three  times  during 
the  year.  The  repUes  indicate  that  a  large  number  of  the  instructors 
had  more  than  200  miles  on  their  project  circuit.  Data  for  home 
projects  reported  are  given  in  the  following  table: 

Home  projects  reported. 


Berries 3 

Crops 3 

Rotation 3 

Oats 2 

Cabbage 2 

Barley 2 

Pop  com 2 

Bees 2 

Cotton 

Sweet  clover 

Tobacco 

Reforesting ^ 

Cover  crop 

Cement  construction 

Siirveying 

Cold  frames 


Com 61 

Garden 37 

Poultry 26 

Potatoes 25 

Dairying. 14 

Orchard 12 

Alfalfa 12 

Herd  record 10 

Fertilizer 9 

Accounts 6 

Wheat 6 

Hotbed 6 

Beans 4 

Spraying...^ 4 

Tomato  canning 4 

Pruning 3 

The  returns  of  the  agricultural  instructor  indicated  that  the  number 
of  farms  on  the  home-project  Ust  were  higher  in  the  West  than  in  the 
East,  the  average  for  the  West  North  Central  States  being  33  per 
agricultural  instructor,  8  more  than  the  maximum  allowed  imder 
the  Massachusetts  system.  These  returns  indicated  that  not  all  of 
the  pupils  in  the  agricultural  instructor's  class  in  the  North  Central 
States  were  on  his  home-project  list.  In  some  instances  the  agri- 
cultural instructor  had  as  many  as  130  pupils  in  his  classes.  In  the 
following  table  are  shown  the  number  of  schools  reporting  and  not 
reporting  home  projects  and  the  average  number  of  home  projects 
per  school: 

Number  reporting  home  projects  and  average  number  of  home-pro ject  pupils  per  school. 


Oeographio  dlyislons. 

Number 
reporting 

home 
projeots. 

Number 
not  re- 

I>orthig 
home 

projects. 

number 
of  home 
projeots 

school. 

New  England 

9 
13 

3 
35 

3 

3 
8 
3 

51 
fi 

13 
1 

13 

MlddleAtlantic 

16 

East  North  Central 

15 

West  North  Central 

33 

flmith  AtlftntiC, 

18 

East  South  Centoal 

West  South  Central .... 

12 

9 
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EXTENSION  WORK  OF  AGRICULTURAL  INSTRUCTOR. 

Over  one-haJf  of  the  agricultural  instructors  reported  that  they  were 
engaged  m  some  kind  of  boys'  and  girk'  club  work,  and  in  the  majority 
of  instances  they  were  acting  as  local  leaders,  although  in  some  cases 
they  were  merdy  cooperating.  Eighty-one  of  the  157  agricultural 
instructors  indicated  that  they  were  doing  other  types  of  extension 
work.  The  principal  types  were  organizing  farmers'  clubs,  cow- 
testing  and  live-stock  work,  seed  selection,  speaking  at  meetings — 
generally  in  connection  with  their  farmers'  clubs,  and  giving  advice 
to  individual  farmers.  Details  as  to  the  kind  of  extension  work 
carried  on  by  the  agricultural  instructor  are  shown  in  the  following 
table: 

Principal  hinds  of  extension  work  reported. 


Spraying 8 

Pruning 2 

Aflsociations 6 

Grange  work 3 

Organizing  clubs 7 

Farmers'  club 16 

Speaking  at  meetings 15 

Cow  testing 8 

Testing  milk 10 

Dairy  improvement 4 

Purchase  of  live  stock 2 

Hog  cholera 8 

Assist  in  vaccinating  hogs 2 

Stock  improvement 2 

Care  of  cattle 2 

Introducing  pure-bred  seeds 3 

Seed  testing 4 


Alfalfa  plats 15 

Weed  identification 2 

Com  club 8 

Seed  com 6 

Wheat  breeding 5 

Demonstration 12 

Experiments 6 

Consultations 4 

Farm  visits 3 

Fertilizing 3 

Answering  questions 4 

Soil  drainage 6 

School  contests 7 

Advice *. 9 

Lecture  work 9 

Poultry  clu  b 2 

Plowing 3 


Records  of  the  College  of  Agriculture,  University  of  Minnesota, 
show  that  of  the  117  agricultural  instructors  in  Minnesota  reporting 
in  regard  to  extension  work,  92  stated  that  they  had  organized  273 
farmers'  clubs;  35,  shipping  associations;  and  31,  cow- testing  associa- 
tions, testing  42  herds  containing  960  cows.  In  five  instances  the 
boys  in  the  agricultural  classes  were  doing  the  testing.  The  instruc- 
tors were  also  carrying  on  farm-demonstration  work  in  com,  barley, 
alfalfa,  and  small  grains.  Twenty-three  of  the  schools  had  taken 
part  in  the  vaccination  of  hogs  for  cholera,  73  had  helped  in  planning 
and  building  silos,  and  29  had  helped  to  plan  farmsteads. 

A  question  was  asked  as  to  whether  the  agricultural  instructors 
were  employed  for  nine  months  or  for  the  entire  year,  to  learn 
whether  they  could  carry  on  home-project  work.  Ninety-nine  out  of 
the  157  were  so  employed.  One  himdred  and  thirty-one  were  gradu- 
ates of  agricultural  colleges,  and  their  average  salaries  were  between 
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$1^200  and  $1,300.  Thus  far  the  land  and  the  agricultural  instructor 
have  been  considered.  The  next  and  most  important  feature  is  the 
pupil. 

SOURCE  AND  DISTANCE  FROM  SCHOOL  OF  PUPILS  STUDYING 

AGRICULTURE. 

The  returns  indicated  that  40  per  cent  of  the  pupils  studjdng  agri- 
culture were  Uving  at  home  on  farms,  40  per  cent  were  living  at  home 
but  not  on  farms,  and  20  per  cent  were  boarding  during  the  school 
year.  In  other  words,  60  per  cent  of  the  pupils  studying  agriculture 
were  from  farm  homes,  and  one-third  of  them  were  not  at  home  during 
the  school  year.  In  the  East  North  Central  and  West  North  Central 
States  43  and  47  per  cent,  respectively,  of  the  pupils  were  not  from 
farms.  In  the  New  England  and  Middle  Atlantic  States  about  60  per 
cent  were  living  at  home  on  farms.  The  following  table  shows  the 
distribution  by  geographic  divisions  and  by  residence  of  the  pupils 
studying  agriculture,  as  reported  in  the  questionnaire: 

Sources  ofpupUi  studying  agriculture. 


Geographio  divisions. 

Total 
number 
studying 
agricul- 
ture. 

Number 

Uving  at 

home  on 

farms. 

Number 
living  at 
home  not 
onfnis. 

Number 

notUving 

at  home 

during 

school 

year. 

Average 

mazi* 

mum  d^ 

tance 

from 

whlofapn- 

^  are 

drawn. 

New  England 

272 
391 
245 
3,233 
447 
801 
481 

162 
224 
78 
1,233 
219 
2fi9 
181 

29 
182 
106 
1,546 
106 
187 
266 

81 
35 
61 
454 
122 
355 
34 

&41 

Middle  i^tlantic 

7.36 

East  North  Central 

fi.40 

West  North  Central 

11.30 

Roil th  Atlantic 

18L12 

East  South  Central 

2Leo 

West  South  Central 

8.92 

Since  such  a  large  percentage  of  the  pupils  are  not  living  at  home 
the  average  area  from  which  they  are  drawn  was  ascertained.  The 
returns,  as  the  above  table  shows,  indicated  that  in  the  New  England 
and  Middle  Atlantic  States  the  maximum  distance  is  on  the  average 
8  miles;  in  the  East  North  Central  and  West  North  Central  States 
between  10  and  12  miles,  and  in  the  South,  where  the  schools  have  a 
boarding  department,  the  areas  are  even  larger.  If  the  student  lives 
more  than  4  miles  from  the  school  and  goes  and  comes  each  day,  it 
would  be  practically  impossible  for  him  to  take  any  part  in  the  farm 
operations  unless  he  did  it  on  Saturday. 
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« 


REHLATITE  PROPORTION  OF  HOTS  AND  GIRLS  STUDYING  AGRICULTURE 

IN  mGH  SCHOOLS. 

The  returns  to  the  Bureau  of  Education  for  1913*  mdicated  that 
one-third  of  the  high-school  students  studying  agriculture  in  the 
United  States  were  girb.  In  many  of  the  agricultural  classes  visited 
the  number  of  girls  exceeded  the  number  of  boys.  When  the  instruc- 
tor was  asked  why  so  many  girls  were  in  his  classes,  he  replied  that 
if  the  girls  were  to  teach  in  the.  rural  districts  they  would  be  required 
to  pass  an  examination  in  agriculture,  and  so  were  attending  his 
classes  for  this  purpose.  It  would  seem  that  this  fact  would  call  for  a 
modification  in  the  methods  of  teaching  agriculture  and  in  the  use  of 
the  school  land  and  the  home  project.  In  the  following  table  are 
included  all  schools  which  have  courses  in  agriculture,  whether  they 
receive  State  aid  or  not.  Of  course,  they  comprise  a  much  larger 
number  than  were  used  in  obtaining  information  in  regard  to  the  use 
of  land.  This  table  shows  the  relative  mmiber  of  boys  and  girls 
studying  agriculture. 

NuwJber  of  public  high  schools  reporting  agricultural  covrses^  and  number  of  pupils  in 

attendance} 


Oeogn^hic  diyisions. 


Schools 
reportiDg. 


In  agrioaltuial  ooorses. 


Boys.     Qiils.     Total. 


United  States 

North  Atlantic  Division 
North  Central  Division.. 
South  Atlantic  Division. 
South  Central  Division.. 
Western  Divisfen 


1,414 


19,749 


10,076 


29,825 


132 
742 
136 
267 
137 


1,624 
8,730 
1,922 
6,024 
2,649 


607 
6,366 

958 
2,729 

626 


2,091 
14,066 
2,880 
7,753 
8,076 


THE  PERIOD  BETWEEN  GRADUATION  AND  STARTING  FARMING  ON 

OWN  ACCOUNT. 

It  can  safely  be  assumed  that  the  average  boy  leaves  school  at  18 
years  of  age.  From  the  best  information  available  the  average 
jFarmer  does  not  start  farming  on  his  own  account  until  he  is  some- 
where between  25  and  30  years  of  age.  In  other  words,  there  is  a 
period  of  the  farmer's  life,  when  he  is  between  18  and  30  years  of 
age,  when  he  is  not  working  on  his  own  farm  nor  is  he  his  own  master. 
It  would  seem  that  wherever  the  home-project  method  has  been 
introduced  an  eflFort  should  be  made  to  follow  up  the  boy  and,  if 
possible,  arrange  in  some  way  for  him  to  continue  his  home-project 
work  and  gradually  becomes  a  partner  with  his  father  in  the  farm 
business.  This  feature  should  be  a  part  of  the  extension  work  of  the 
agricultural  instructor. 

1  Rpt  Comr.  Education  [U.  S.],  1913,  H,  p.  489. 
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AGRICULTURAL  SCHOOL  AND   THE  SHIFTING-TENANT  PROBLEM. 

Farmers  are  recruited  from  two  sources,  from  the  sons  of  farmers 
and  the  sons  of  agricultural  laborers.  In  going  over  the  original 
census  schedules  of  1910  for  farmers  of  Iowa  Coimty,  Wis.,  this 
rather  interesting  fact  developed,  that  where  the  tenant  and  land- 
lord had  the  same  name  the  tenant  had  been  on  the  farm  that  he 
was  on  the  day  the  census  was  taken  for  a  much  longer  period  than, 
where  their  names  were  different.  It  was  foimd  that  31  per  cent 
of  the  cash  tenants  who  were  related  to  the  owner  had  been  tenants 
on  the  farms  which  they  were  on,  at  the  census  date,  for  two  years 
or  less,  while  the  per  cent  for  those  where  no  relationship  existed 
was  65.  For  share  tenants  the  figures  were  50  and  80  per  cent 
respectively.  In  other  words,  where  there  is  relationship  there  is 
less  of  the  shifting-tenant  problem  than  where  relationship  does  not 
exist.  From  other  records  it  was  learned  that  of  the  total  years 
a  man  had  been  a  tenant,  he  had  been  a  tenant  on  the  farm  where 
he  was  at  the  time  the  records  were  taken  76  per  cent  of  the  total  time 
when  kinship  existed  and  50  per  cent  when  there  was  no  relationship. 
The  returns  also  indicated  that  where  relationship  existed  33  per 
cent  had  attended  high  school,  but  where  there  was  no  relationship 
only  18  per  cent  had  attended  high  school.  In  other  words,  if 
through  the  school  the  farmer  could  be  made  to  take  an  interest  in 
the  agricultural  training  of  the  boy  and  they  could  be  established  in  a 
partnership  relation,  the  shifting-tenant  problem  would  be  partially 
solved. 

EFFICIENCY  IN  AGRICULTURAL  PRODUCTION. 

It  should  be  remembered  in  all  vocational  training  that  the  boy  or 
girl  is  always  of  greater  importance  than  the  subject  taught.  Much 
is  said  in  these  days  in  regard  to  the  superiority  of  Eku*opean  agricul- 
ture compared  with  that  of  the  United  States.  If  Germany  is 
taken  as  an  example  and  the  yields  per  acre  compared  with  those  of 
the  United  States,  it  would  appear  that  Germany  is  50  per  cent  more 
efficient  than  the  United  States.  But  the  average  German  agri- 
cultural laborer  cultivates  but  7i^  acres,  whereas  the  average  agri- 
cultural laborer  in  the  United  States  cultivates  over  27  acres  and 
produces  two  and  one-half  times  as  much  as  the  German  laborer, 
measured  by  the  crops  obtained. 

According  to  G.  F.  Warren  the  four  principal  factors  in  efficient 
farming  are  the  size  of  the  business,  diversity  of  crops,  crop  yields, 
and  production  per  animal.  A  large  production  per  acre  may  not 
indicate  that  the  farm  is  being  used  to  the  greatest  advantage.  It 
was  important  to  determine  whether  the  agricultural  instructors  were 
considering  this  in  marking  their  pupils.  Consequently  they  were 
asked  what  standard  they  had  adopted  in  giving  the  boy  a  passing 
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mark  in  his  farm  work.  The  repUes  indicated  that  if  the  boy  passed 
his  examination  on  work  in  the  classroom  and  laboratory  his  effi- 
ciency in  performing  the  farm  operations  was  of  little  importance. 

THE    PLACE    OP    PERSONAL    EFFICIENCY    IN    AGRICULTURAL 

INSTRUCTION. 

Two  other  questions  were  asked  to  determine  whether  the  agri- 
cultural instructor  had  anything  definite  in  mind  in  the  practical 
work  that  he  gave  the  boy.  Either  the  questions  were  not  under- 
stood, or  the  instructor  had  not  considered  this  phase  of  the  work. 
The  two  questions  were  whether  he  had  standardized  any  of  the 
principal  farm  operations  in  the  community,  and  also  to  give  stand- 
ard movements  or  processes  in  the  principal  farm  operations  of  his 
conmiunity.  None,  of  the  answers  seemed  to  indicate  that  the  agri- 
cultural instructor  had  analyzed  the  farm  operations  in  which  the 
pupik  were  engaged.  Apparently  most  of  the  agricultural  instructors 
are  requiring  of  the  boy  that  he  get  a  certain  piece  of  farm  work 
done,  and  no  effort  is  made  to  show  the  boy  the  most  efficient  method 
of  performing  that  operation.  It  would  seem  that  in  this  respect 
the  agricultural  instructor  laid  more  emphasis  on  growing  a  crop  than 
on  dcTeloping  the  boy.  It  would  seem  especially  important  that  the 
agricultural  instructor  should  increase  the  efficiency  of  his  pupils  in 
those  phases  of  farm  operations  which  limit  the  area  cultivated  or 
the  number  of  animals  kept. 

SUMMARY. 

The  principal  facts  developed  by  this  investigation  were  that  in 
the  New  England  States  the  majority  of  the  pupils  are  hving  at  home 
and  have  easy  access  to  the  school,  that  the  school  farms  are  small, 
and  that  the  home  project  is  more  or  less  closely  supervised,  also 
that  the  majority  of  the  agricultural  instructors  are  of  the  opinion 
that  they  could  easily  get  along  without  the  school  farm. 

In  the  North  Central  States  the  school  farms  are  small,  the  pupils 
are  drawn  from  greater  distances  than  those  in  the  New  England 
States,  and  they  have  not  as  good  means  of  transportation.  It  is 
also  evident  that  there  are  a  large  number  of  boys  from  towns  and 
cities,  and  of  girls  desiring  to  become  teachers,  in  the  classes  study- 
ing agriculture. 

In  Minnesota  the  agricultural  instructor  has  not  only  to  teach  but 
to  do  extension  work,  with  the  result  that  he  has  more  than  he  can 
properly  care  for.  The  part  that  he  would  hke  most  to  neglect  is 
the  school  farm.  Wherever  the  home  project  has  become  a  part  of 
his  method  of  teaching  agriculture  he  has  not  had  the  time  properly 
to  supervise  or  to  work  out  the  details.  For  these  two  parts  of  the 
country  the  reasons  given  for  the  desire  to  do  away  with  the  school 


Digitized  by 


Google 


12  BULLETIN  213,  U.  S.  DBPABTMBNT  OF  AGBIOXJLTUBB. 

farm  are  not  educational  but  pertain  to  the  management  of  a  farm 
of  uneconomical  size.  Since  the  primary  purpose  of  the  school  farm 
is  educational;  this  should  not  count  in  making  a  decision.  The 
considerations  that  should  decide  are  whether  the  school  farm  could 
be  used  to  make  the  agricultural  workers  of  that  community  more 
eflScient,  or  whether  some  other  method  could  be  devised  to  take  the 
place  of  the  school  farm^  as,  for  example,  the  home  project. 

In  the  South,  the  majority  of  the  agricultural  schools  have  a  board- 
ing department  and  a  large  farm,  so  that  the  agricultural  pupils  have 
a  better  opportunity  to  participate  in  the  farm  operations,  and  home 
projects  have  not  been  developed ;  but  even  in  these  schools,  where  the 
pupils  carry  on  the  farm  operations  under  the  direct  supervision  of  the 
agricultural  instructor,  it  would  seem  that  not  enough  attention  has 
been  paid  to  making  the  pupils  eflScient  in  the  ordinary  farm  opera- 
tions and  too  much  attention  has  been  given  to  getting  the  farm 
work  done.  Thus,  the  use  of  land  in  agricultural  teaching  presents 
three  different  and  distinct  problems  which  have  no  common  ground 
for  working  out  their  solution. 

The  returns  indicated  that  some  of  the  things  that  could  be  done 
most  extensively  by  all  the  schools  having  farms  are  the  distribution 
of  pure-bred  seed,  the  introduction  of  new  varieties  of  plants,  fruits, 
and  shrubs,  and  the  extending  of  the  services  of  pure-bred  Anim^lfl 
in  the  conununity. 
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INTRODUCTION. 

This  bulletin  contains  a  study  of  the  yields  of  spring  wheat 
obtained  under  various  methods  of  seed-bed  preparation  at  14  sta- 
tions in  the  Great  Plains  r^on.    The  area  consid^ed  in  these 

1  All  of  the  members  of  the  scientific  staff  of  the  Office  of  Dry-land  Agriculture  have  contributed 
more  or  less  to  this  paper  by  having  charge  of  field  investigations  and  by  assisting  in  the  preparation  of 
data  for  records  or  for  publication.  The  scientific  staff  as  at  present  constituted  consists  of  the  following 
members,  named  in  the  order  of  length  of  service:  W.  W.  Burr,  Denver,  Colo.;  E.  F.  Chilcott,  Wood- 
ward, Okla.;  O.  J.  Qraoe,  Akron,  Colo.;  J.  S.  Cole,  Denver,  Colo.;  J.  M.  Stephens,  Moccasin,  Mont.; 
A.  L.  Hallsted,  Hays,  Kans.;  O.  R.  Mathews,  Belle  Fourche,  8.  Dak.;  J.  C.  Thysell,  Dickinson,  N.  Dak.; 
M.  Pfaender,  Mandan,  N.  Dak.;  H.  C.  McKinstry,  Hettinger,  N.  Dak.;  W.  M.  Osbom,  North  Platte,  Nebr.; 
W.  D.  Griggs,  Dalharty  Tex.;  C.  A.  Burmeister,  Amarillo,  Tex.;  J.  E.  Mundell,  Big  Spring,  Tex.;  F.  L. 
Kdso,  Ardmore,  S.  Dak.;  W.  A.  Peterson,  Mandan,  N.  Dak.;  J.  T.  Sarvis,  Ardmore,  8.  Dak.;  O.  W.  Mor- 
gan, Huntley,  Mont.;  J.  H.  Jacobson,  MitcheD,  Nebr.;  H.  O.  Smith,  Tucumcarl,  N.  Mex.;  L.  N.  Jensoi, 
Woodward,  Okla.;  J.  0.  LOl,  Oardoi  City,  Kans.;  R.  &  Towle,  Edgeley,  N.  Dak.;  A.  J.  Ogaard,  Willis- 
ton,  N.  Dak.;  C.  B.  Brown,  Dalhart,  Tex.;  L.  D.  WiHey,  Aieher,  Wyo.;  J.  B.  Kuska,  Colby,  Kans.;  and 
A.  E.  Seamans,  Akron,  Colo. 

The  foUowing-named  men  have  held  poaltiong  on  the  sefasitiflo  staff  of  the  Office  of  Dry-land  Agriculture 
during  the  past  nine  years,  but  have  resigned  or  have  been  transftered  to  ofh«r  offices  of  the  Department 
of  Agriculture:  Sylvester  Bate,  F.  L.  Kennard,  J.  E.  Payne^  L.  S.  HauD,  C.  A.  Jensen,  H.  R.  Reed,  W.  O. 
Whltcomb,  C.  H.  Plath,  F.  Knorr,  and  R.  W.  Edwards. 

The  data  here  reported  fh>m  the  stations  in  Kansas,  Nebraska,  North  Dakota,  and  Montana  have  been 
obtained  in  oooperetion  with  the  agricultural  experiment  stations  of  the  respective  States.  In  South 
Dakota,  Colorado,  Texas,  Oklahoma^  and  New  Mexico  the  stations  are  operated  by  the  United  States 
D^rartment  of  Agriculture. 

Field,  efflee,  and  laboratory  faeOitles,  teams,  and  hnpisBients  have  been  provided  by  the  Office  of  West- 
em  IirigatkA  Agrioutoire,  at  Huntley,  Mont.,  Belle  Fourche,  S.  Dak.,  and  Mitobell,  Nebr.,  and  by  the 
Office  of  Cereal  Investigatfons  at  Amarillo,  Tex.,  and  Archer,  Wyo.  The  Biophysical  Laboratory  has 
cooperated  in  obtaining  the  meteorological  data  reported. 

NoTB.— This  bulletin  is  intended  for  aD  who  are  interested  in  the  agrlonltural  possibilities  of  the  Great 
Plains  area. 
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investigations  consists  of  about  400,000  square  miles  of  territory 
(fig.  1).  It  is  bounded  on  the  east  by  the  ninety-eighth  meridian 
of  longitude,  on  the  west  by  the  foothills  of  the  Rocky  Mountains 
(indicated  by  the  5,000-foot  contour),  on  the  north  by  the  Canadian 
boundary,  and  on  the  south  by  the  thirty-second  parallel.  The 
area  covers  parts  of  10  States,  and  includes  all  of  the  stations  herein 

considered  except  the 
one  at  Archer,  Wyo. 
The  study  as  here 
presented  deals  only 
with  spring  wheat  and 
is  made  in  such  a  way 
as  to  show  the  effect 
of  cropping  and  culti- 
vation in  only  the  year 
preceding  its  growth. 
Reference  hereafter  is 
made  to  the  crop  only 
as  wheat,  but  it  should 
be  borne  in  mind  that 
spring  wheat  is  meant. 
The  yields  of  winter 
wheat  and  its  response 
to  cultural  methods 
are  in  many  cases  very 
diflferent  from  spring 
wheat.  There  is  also 
given  a  study  of  the 
comparative  cost  of 
production  of  wheat 
imder  each  of  the 
methods  studied  and 
the  resulting  profit  or 
loss. 

The  work  here  re- 
ported from  14  sta- 
tions covers  an.  ag- 
gregate of  73  station 
years  and  embodies 
the  data  from  a  total  of  1,683  plat  years.  By  station  year  is  meant 
one  year  at  one  station;  by  plat  year  is  meant  one  plat  at  one  sta- 
tion for  one  year.  It  is  manifestly  impossible  in  dealing  with  such  a 
mass  of  data  to  go  into  much  detail;  only  some  of  the  broader 
phases  of  the  evidence  are  here  considered. 


Fio.  1.— Sketch  map  of  the  Oreat  Plains  area,  which  Indades  parts  of 
ten  States  and  consists  of  about  400,000  square  miles  of  territory. 
Its  western  boundary  is  indicated  by  the  5,000-foot  contour.  The 
location  of  each  field  station  within  the  area  is  shown  by  a  dot 
within  a  circle  (0). 
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Dealing  as  it  does  with  only  one  crop,  to  which  certain  sections  of 
the  Plains  are  obviously  not  adapted,  this  report  does  not  afford  a 
measure  of  judging  the  agricultural  value  or  possibilities  for  other 
crops  of  any  section  of  the  country. 

Li  1906  the  OflBlce  of  Dry-land  Agriculture  of  the  United  States 
Department  of  Agriculture  began  field  investigations  of  the  problems 
in  methods  of  crop  production  in  the  Great  Plains.  The  work  begun 
at  that  time  has  been  constantly  and  steadily  added  to,  until  in  1914 
work  was  conducted  at  20  stations.  The  results  here  presented  are 
from  14  stations,  records  covering  only  one  or  two  years  having  been 
excluded. 

The  method  of  work  adopted  was  that  of  raising  the  standard  crops 
of  each  section  both  in  rotation  and  by  different  methods  of  prepara- 
tion under  systems  of  continuous  cropping.  In  no  case  have  rotations 
re<j[uiring  more  than  6  years  been  used.  Those  of  even  this  length 
have  been  tried  only  when  sod  of  tame  grass  crops  are  included.  More 
of  the  work  has  been  done  with  3-year  and  4-year  rotations. 

Figure  2  shows  a  diagram  of  the  plats  in  the  experimental  field  laid 
out  in  1908  at  the  Judith  Basin  Field  Station.  This  station,  being 
a  representative  one,  will  serve  to  illustrate  the  general  scheme  and 
plan  of  work.  The  plats  here,  as  in  all  the  work,  are  one-tenth  acre  in 
size.  •  Their  dimensions  are  2  by  8  rods.  Along  their  larger  dimen- 
sion the  plats  are  separated  by  bare  alleys  4  feet  in  width.  Along  the 
ends  of  the  plats  they  are  separated  by  roads  20  feet  wide.  At  this 
station  six  crops  are  represented  in  a  series  of  continuously  cropped 
plats  lettered  from  A  to  F  or  G.  In  this  group,  plats  C  and  D  are 
alternately  cropped  and  summer  tilled,  so  that  each  year  a  crop  is 
grown  on  land  that  was  summer  tilled  the  previous  year  and  a  plat  is 
summer  tilled  for  cropping  the  next  year. 

The  remainder  of  the  field  is  in  rotations  in  which  each  plat  is  known 
by  a  rotation  number  and  letter.  On  the  field  diagram  the  separa- 
tion of  rotations  is  indicated  by  heavy  lines. 

The  movement  of  the  crops  in  the  rotation  is  in  the  direction  from 
Z  to  A  and  from  A  back  to  the  letter  that  marks  the  other  end  of  the 
rotation. 

In  figure  2  the  diagram  is  filled  out  to  show  the  cropping  in  1914. 
The  letters  following  the  crop  indicate  the  treatment  given  the  ground 
in  preparation  for  it,  S.  P.  standing  for  spring  plowed,  F.  P.  for  fall 
plowed,  Fal.,  or  S.  F.,  for  summer  tilled,  G.  M.  for  green  manured,  and 
D.  C.  for  disked  com  land.  The  addition  of  the  letter  M  indicates  the 
use  of  manure.  To  illustrate:  In  1914  plat  A  of  the  4-year  rotation 
No.  14  was  in  com  on  spring-plowed  land,  plat  B  was  in  wheat  on 
disked  com  groimd,  and  plat  C  was  in  winter  rye  on  fall-plowed  land. 
This  would  be  plowed  under  for  green  manure.     Plat  D  was  in  oats 
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where  winter  rye  had  been  turned  under  the  year  befwe.     In  1915 
A  will  be  in  wheat,  B  in  winter  rye,  C  in  oats,  and  D  in  com. 

In  the  present  stage  of  development  of  the  work,  the  effect  of  the 
immediately  preceding  crop  and  of  the  method  of  handling  its  stubble 
in  preparing  the  seed  bed  greatly  overshadows  the  effects  of  the  rota- 
tions considered  as  units.  Some  of  the  rotations  are  calculated  to 
conserve  or  to  accumulate  fertility  and  organic  matter  in  the  soil,  while 
others  may  perhaps  deplete  it,  but  on  the  naturally  fertile  soils  of  the 
Plains  such  results  are  not  strongly  evidenced  in  the  first  years  of 
treatment.  The  controllable  factors  that  exert  the  greatest  influ^ice 
on  production  are  water  supply,  physical  condition  of  the  seed  bed, 
and  a  recognized  if  not  understood  ^ect  of  the  immediately  preceding 
crop.    The  crop  of  a  single  year  brings  the  land  back  so  near  to  uni- 
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Fio.  2.— Diagram  of  the  dry-land  rotation  field  at  the  Judith  Bashi  Field  Station.  Theletteringshows  the 
cropping  practiced  in  1914.  The  explanation  of  abbreviations  nsed  is  as  follows:  D.  C.  —  disked  (com 
land),  FaL,  or  S.;F.— summer  tilled,  F.  P.— fUl  plowed,  G.  H.— green  manured,  IC.— Diamirad,  8.  P.- 
spring  plowed. 

f ormity  in  these  factors  that  their  probable  residual  effect  is  not  great 
enough  in  the  work  in  hand  to  introduce  serious  error  into  a  study  as 
here  made. 

It  seems  advisable  at  the  present  time  to  prepare  a  series  of  bulletins 
discussing  in  each  the  results  secured  with  one  crop,  as  determined  by 
the  treatment  of  the  land  in  only  the  one  year  preceding  its  growth. 

CLIMATIC  CONDITIONS. 

The  annual  precipitation  at  the  various  stations  varies  from  about 
15  to  21  inches.  The  average  increases  from  north  to  south  and  from 
west  to  east.  An  increase  in  the  average  daily  evaporation  from  north 
to  south  prevails.  The  rainfall  is  fluctuating  in  character.  Years  of 
heavy  rainfall  may  follow  years  when  it  is  deficient,  and  vice  versa. 
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Or  a  succession  of  years  may  be  either  comparatively  wet  or  com- 
paratively dry. 

The  seasons  of  light  rainfall  are  usually  accompanied  by  other  un- 
favorable conditions,  such  as  higher  wind  velocity,  higher  tempera- 
ture, and  lower  humidity.  The  distribution  of  the  rainfall  is  also  very 
important  in  its  influence  on  crop  production.  A  crop  may  be  pro- 
duced on  a  relatively  small  seasonal  rainfall  if  it  is  well  distributed. 
On  the  other  hand,  a  season  of  higher  rainfall,  because  of  imfavorable 
distribution,  may  result  in  crop  failure. 

Space  in  this  bulletin  will  not  permit  the  presentation  of  a  com- 
plete record  of  the  climatic  conditions  at  the  various  stations  during 
the  time  the  work  here  reported  was  being  done.  It  is,  however, 
available  in  pubhcations  of  the  United  States  Weather  Bureau. 
Table  I  gives  the  lowest,  highest,  and  average  annual  and  seasonal 
precipitation  for  the  time  covered  by  the  work.  The  seasonal  evap- 
oration IB  also  shown.  By  seasonal  is  meant  the  precipitation  or 
evaporation  for  the  period  between  the  average  time  of  seeding  and 
the  average  time  of  harvesting.  No  attempt  is  made  to  show  other 
climatic  factors,  all  of  which  are  important. 


Table  I. 


-Annual  and  seasonal  jjrecipUation  arid  seasonal  evaporation  at  fourteen 
stations  in  the  Great  Plains  area} 


Station. 


Alti- 
todes 

(feet). 


Precipitation*  (inches). 


AnnoaL 


Mini- 
mum. 


ICaxi- 
mum. 


Aver- 


Seasonal. 


Mini- 
mum. 


ICaxl- 

mum. 


Avor- 


Seasonal  evaporation* 
(inches). 


Mini- 


Maxl- 


AVBT- 

age. 


7udith  Basin.. 

Huntley 

Wnibton. 

DicklnaoD 

Edgeley 

Hettinger 

Belle  Fourche. 
Soottsblufl.... 
North  Platte.. 

Akron 

Hays 

Garden  City... 

Dalhart 

Ajnarillo 


4,228 
3,000 
1,875 
2,643 
1,468 
2,253 
2,050 
3,060 
3,000 
4,600 
2,050 
2,000 
4,000 
3,676 


14.06 
11.02 
10.28 
11.03 
11.04 
12.72 
6.64 
13.77 
11.18 
14.51 
15.50 
11.82 
13.60 
10.60 


23.78 
11.02 
18.00 
21.22 
21.05 
15.68 
17.73 
18.51 
23.01 
22.46 
27.80 
23.58 
16.35 
27.80 


18.06 
11.02 
14.84 
16.60 
16.  n 
14.20 
13.11 
16.14 
18.05 
18.28 
21.30 
18.64 
15.11 
18.28 


6.50 
5.00 
5.62 
5.31 
5.08 
8.82 
1.02 
5.56 
4.38 
5.32 
3.87 
5.01 
4.54 
5.03 


10.00 

7.35 
12.00 
16.27 
15.73 
12.80 
12.75 

8.26 
11.25 

0.52 
12.87 

8.16 
14.86 
11.40 


8.62 
6.18 
8.31 

10.06 
0.60 

10.60 
6.82 
7.11 
7.77 
7.82 
0.55 
6.85 
8.17 
7.05 


10.117 
10.820 
21.104 
18.370 
17.664 
20.111 
23.627 
34.608 
25.054 
25.017 
20.300 
33.315 
33.381 
32.305 


26.273 
20.504 
28.260 
27.866 
25.362 
24.248 
33.006 
26.647 
35.255 
32.601 
41.317 
38.026 
41.002 
40.704 


21.330 
20.207 
24.705 
22.377 
20.657 
22.430 
27.220 
25.718 
30.253 
28.781 
32.628 
35.332 
38.506 
36.700 


1  The  years  covered  are  the  same  as  for  the  data  shown  in  the  other  tables  for  each  station. 

s  The  altitude  given  is  for  the  field  where  the  work  was  done  and  is  based  in  most  cases  on  that  of  the 
nearest  town. 

•  The  record  of  annual  precipitation  for  1014  is  not  included.  The  records  of  seasonal  precipitation  and 
evaporation  for  1014  are  Included  for  all  stations,  the  evaporation  beinj;  figured  from  Apr.  1  to  July  31. 
The  seasonal  rainfUl  is  the  amount  from  Apr.  1  to  July  31  for  stations  north  of  and  inchiding  that  at  Belle 
Fourche.  For  stations  south  of  Belle  Fourche  it  is  the  amount  between  Mar.  1  and  June  30.  Evaporation 
measurements  are  made  from  a  free  water  surface  in  a  tank  sunk  into  the  soft  to  almost  its  full  depth.  The 
water  suriboe  is  kapt  about  level  with  the  surface  of  the  groimd. 

GENERAL  PLAN  OF  THE  INVESTIGATIONS. 

Durum  wheat  has  been  used  in  these  trials.  The  aim  has  been  to 
use  at  each  station  the  best  standard  variety  available  for  general  use. 
Changes  are  made  only  when  necessitated  by  loss  of  seed  or  when 
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varietal  tests,  breeding,  or  seed  selection  makes  available  for  general 
use  a  better  variety.  The  same  seed  is  used  on  all  plats  at  any  one 
station  in  any  particular  year. 

All  seeding  is  done  with  a  drilL  Drill  rows  are  spaced  from  6  to  8 
inches.  As  compared  with  more  humid  sections,  light  seeding  is 
practiced.  The  rate  varies  from  2  to  4  pecks,  depending  upon  the 
location  and  the  consequent  average  climatic  conditions.  At  Edgeley, 
N.  Dak.,  where  summer  rains  are  more  frequent  and  weeds  more 
troublesome,  the  seeding  rate  is  6  pecks  per  acre.  Generally  speaking, 
the  drier  the  condition  the  lighter  the  seeding.  The  seeding  rate, 
date,  and  manner  of  seeding  are  the  same  for  all  plats  at  the  same 
station  in  any  one  year. 

For  comparative  study  of  the  effect  of  environment  and  for  securing 
data  on  production  certain  of  the  work  is  made  uniform  at  all  stations. 
This  results  in  the  attempted  growth  of  spring  wheat  and  other  crops 
in  sections  to  which  they  are  not  adapted  and  in  their  growth  at 
certain  stations  by  methods  not  adapted  to  the  conditions  obtaining 
there.  Such  work,  however,  is  limited,  the  most  intensive  studies  at 
each  station  being  imdertaken  on  the  crops  which  are  of  greatest 
promise  in  that  locality. 

In  the  present  study  a  table  is  presented  for  each  station.  The 
first  part  of  such  table  shows  the  yields  that  have  been  obtained  in 
each  year  by  each  of  the  different  methods  under  which  wheat  has 
been  grown,  considering  only  the  treatment  during  the  one  year  imme- 
diately preceding  the  crop.  The  reasons  for  not  differentiating  the 
study  further  have  already  been  stated. 

Where  more  than  one  plat  has  been  grown  under  the  same  treatment 
for,  the  previous  year,  only  the  average  yield  of  the  whole  number 
of  plats  so  grown  is  given.  Colunm  2  of  the  table  shows  the  number 
of  plats  so  averaged.  In  the  presentation  of  yields,  the  coliunn 
headed  ''Treatment  and  previous  crop"  indicates  the  method  of 
preparation,  whether  fall  plowed,  spring  plowed,  listed,  subsoiled, 
disked,  green  manured,  or  summer  tilled.  Some  of  these  are  again 
subdivided  to  show  the  previous  crop.  To  illustrate:  The  table  for 
Judith  Basin  (Table  V)  shows  that  there  were  five  plats  of  whea^. 
each  year  grown  on  fall-plowed  land.  On  two  of  these  the  wheat 
followed  com,  on  two  it  followed  oats,  and  on  one  it  followed  wheat. 
The  average  yield  on  fall  plowing  as  given  is  the  average  of  the  five 
plats,  not  the  average,  of  the  given  averages.  To  obtain  these  aver- 
ages it  is  necessary  to  use  the  figures  as  many  times  as  there  were 
plats  averaged  in  obtaining  them.  The  succeeding  coliunns  need 
no  explanation,  as  they  are  the  yields  for  each  year  as  indicated  and 
the  average  of  each  method  for  the  whole  period  of  years.  In  the 
last  column,  where  the  average  appears  under  the  heading  "Average," 
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the  calculation  is  from  the  left.  For  a  rough  comparison  of  seasons, 
the  bottom  line  of  the  first  half  of  the  table  gives  an  average  of  aQ 
plats  for  each  year,  the  average  of  the  yearly  average  yields  appear- 
ing in  the  last  column  to  the  right. 

Throughout  the  tables,  where  wheat  is  shown  as  following  com 
on  either  fall  or  spring  plowing,  it  is  in  a  3-year  rotation  in  which 
the  other  crop  is  oats.  Where  wheat  is  shown  as  following  oats 
on  fall  or  spring  plowing,  it  is  in  a  3-year  rotation  where  in  the  third 
year  the  land  is  either  cropped  to  com  or  is  summer  tilled.  Where 
wheat  follows  wheat  under  any  treatment  it  is  in  a  system  of  con- 
tinuous cropping  to  wheat  by  the  method  indicated. 

The  methods  of  operation  have  been  similar  at  all  stations.  Fall 
plowing  is  done  early,  except  after  crops  like  com  that  are  not 
removed  from  the  ground  early.  It  is  done  to  a  good  depth,  the 
standard  being  set  at  8  inches.  Ground  may  be  either  worked  down 
or  left  rough  over  winter.  Spring-plowed  land  may  be  disked  in  the 
fall  or  may  be  undisturbed  until  spring,  when  plowing  is  done  just 
before  seeding.  Plowing  is  done  to  a  good  depth,  usually  at  about 
8  inches.  This  applies  to  all  wheat  plats  except  one  plat  at  each 
station  on  which  wheat  follows  wheat.  The  stubble  of  this  plat  is 
undisturbed  imtil  spring,  when  it  is  plowed  shallow  (at  about  4 
inches)  and  is  then  given  a  minimum  of  cultivation,  which  usually 
consists  of  one  or  two  harrowings.  In  those  cases  where  an  addi- 
tional plat  appears  under  spring  plowing  after  wheat,* it  is  plowed 
deep  instead  of  shallow. 

Under  the  subhead  '^Listed"  there  is  shown  at  some  stations  the 
yield  from  one  plat  continuously  cropped  to  wheat.  Instead  of 
plowing  this  plat,  it  is  furrowed  out  with  a  lister  at  the  time  of  fall 
plowing.     It  is  cultivated  down  level  by  seeding  time. 

Under  the  subhead  ''Subsoiled"  there  is  shown  at  the  stations 
where  it  has  been  tried  the  results  from  a  plat  continuously  cropped 
to  wheat.  At  the  time  of  plowing,  a  subsoil  plow  is  run  in  the  bot- 
tom of  the  furrow,  usually  loosening  the  soil  to  a  total  depth  of  about 
14  inches.  The  variation  from'  this  depth  is  hardly  more  than  2 
inches  either  way.  In  general,  subsoiling  has  been  done  two  years 
in  succession  and  then  omitted  for  two  years. 

Under  the  subhead  ''Disked"  is  given  the  average  of  a  consider- 
able number  of  plats  of  wheat  following  com.  These  occur  in  alter- 
nate cropping  to  wheat  and  com,  in  3-year  rotations  in  which  the 
other  crop  is  oats,  and  in  4-year  rotations  in  which  the  other  crops 
are  summer  tiDage  and  oats  or  barley.  In  sod  rotations,  wheat  on 
disked  com  ground  is  the  third  crop  after  breaking  the  sod.  At 
some  stations  are  shown  additional  plats  on  disked  ground  following 
potatoes  and  following  sorghum.  These  are  in  4-year  rotations. 
85761^— Bnll.  214—15 2 
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Under  the  subhead  '*  (jreen  manured  "  are  given  the  yields  of  wheat 
following  the  plowing  imder  of  rye,  peas,  or  sweet  clover,  as  speci- 
fied. This  treatment  is  in  4-year  rotations  in  which  one  of  the  oUier 
crops  is  com  and  the  other  is  one  of  small  grain. 

At  each  station  several  plats  of  spring  wheat  are  grown  on  siun- 
mer-tilled  land.  One  of  these  is  from  land  alternately  summer 
tilled  and  cropped  to  wheat;  one  is  from  a  3-year  rotation  of  simMner 
tillage,  wheat,  and  oats;  and  others  are  from  4-year  rotations  in 
which  the  other  crops  are  com  or  potatoes  and  oats  or  barley. 

The  method  of  smnmer  tillage  practiced  has  been  of  th6  intensive 
type.  The  ground  is  fall  plowed  and  clean  cultivation  is  continued 
through  the  next  year  and  imtil  the  wheat  is  seeded  in  the  second 
spring.  In  some  cases  it  is  necessary  in  order  to  destroy  weeds  to 
replow  during  the  summer  when  the  land  is  fallow.  At  other  sta- 
tions siunmer-tilled  plats  are  plowed  but  once.  Experiments  not 
here  reported  are  imder  way  to  ascertain  the  best  method  of  fallowing. 
Indications  are  that  equally  good  results  can  be  obtained  with  a  less 
intensive  method  than  has  been  practiced  in  the  investigations  here 
I  reported. 

The  yields  given  in  these  tables  begin  with  the  second  year  of  crop 

production  at  each  station.     All  crops  are  produced  the  first  year  on 

land  uniform  in  its  treatment.     In  some  cases  an  entire  crop  has 

,  been  lost  by  hail.     These  years  are  not  considered  in  computing 

[  averages,  as  the  crops  resulting  from  all  methods  alike  were  destroyed. 

By  the  use  of  the  basic  data  which  follows  in  Tables  II,  III,  and 
IV  there  has  been  compiled  a  second  part  embodying  a  summarized 
statement  of  the  table  of  yields  for  each  station.  In  this  summary 
are  brought  together  in  different  form  the  yields  in  the  first  part  of 
such  table.  The  value  of  the  average  yields  thus  obtained  is  shown 
together  with  the  cost  of  production  (as  computed  from  the  avail- 
able data).  In  the  last  line  of  the  table  is  given  the  average  profit 
or  loss  resulting  from  the  production  of  wheat  by  the  method  shown 
at  the  head  of  the  colimm.     Loss  is  indicated  by  the  minus  sign. 

COMPARISON  OF  CULTURAL  METHODS  ON  THE  BASIS  OF  COOT. 

In  order  to  make  a  comparison  of  the  relative  profits  or  losses  of 
the  several  cultural  methods,  as  shown  in  the  second  part  of  the 
table  for  each  station,  it  was  necessary  to  establish  the  average  cost 
of  production  under  each  of  these  methods.  The  methods  under 
study  vary  a  great  deal  in  the  labor  involved  and  in  the  consequent 
cost  of  preparation.  Table  IV  has  therefore  been  compiled  in  ordw" 
to  show  the  average  cost  of  the  methods  under  study  as  determined 
from  the  data  of  eight  of  the  stations  having  the  most  trustworthy 
records.     An  average  of  the  records  for  5^  years  at  eadbi  station  has 
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been  used  in  compiling  this  table.  This  is  equivalent  to  a  record  of 
44  years  at  one  station.  An  accurate  record  has  been  kept  of  all  the 
farm  operations  performed  under  the  various  methods  under  trial. 
These  have  been  averaged  for  the  eight  stations.  The  amount  of 
work  required  for  some  methods  of  treatment  varies  with  the  season 
and  with  the  soil,  and  the  expense  of  some  operations  varies  with 
the  soil.  The  amount  of  labor  performed  imder  each  of  the  methods 
was  neither  more  nor  less  than  that  which  the  man  in  chaise  beheved 
to  be  necessary  to  bring  about  the  results  sought. 

In  computing  the  cost  of  the  various  operations  a  fixed  wage  of 
$2  per  day  for  a  man  and  $1  a  day  for  a  horse  was  adopted.  This 
may  be  above  or  below  the  actual  labor  cost  in  any  particular  locality, 
but  it  is  beheved  to  be  a  fair  average  and  one  that  will  afford  a  profit- 
able market  to  the  farmer  for  his  labor.  The  time  required  for  men 
and  teams  to  cover  a  given  acreage  in  each  of  the  several  farm  opera- 
tions obviously  varies  with  soils  and  other  conditions.  The  average 
shown  in  Table  II  has  been  determined  from  the  actual  experience 
of  a  large  number  of  men  connected  ¥dth  these  investigations,  which 
experience  has  extended  over  a  wide  range  of  conditions  and  many 
years  of  time. 

The  factors  included  in  the  cost  of  production  are  calculated  on 
an  acre  basis  for  each  of  the  separate  operations  performed,  beginning 
with  the  preparation  of  the  land  and  ending  with  the  harvesting  and 
shocking  of  the  grain.  To  these  items  are  added  the  cost  of  seed  at 
85  cents  per  acre,  interest  and  taxes  on  the  land  investment,  calculated 
at  8  per  cent  on  a  valuation  of  $20  per  acre,  and  the  deterioration 
and  repairs  of  the  binder  at  16  cents  per  acre.  No  allowance  is 
made  for  deterioration  of  other  farm  equipment,  as  it  is  beheved 
that  the  wages  allowed  for  men  and  teams  are  sufficient  to  cover 
this  item  for  the  remainder  of  the  equipment.  The  above-mentioned 
items  are  fixed  charges  per  acre;  that  is,  they  do  not  vary  greatly 
with  the  yield  per  acre,  except  the  item  of  twine,  but  this  variation 
is  not  sufficient  to  materially  afifect  the  relative  total  cost  of  produc- 
tion imder  the  several  methods. 

Table  II  shows  the  cost  per  acre  based  upon  what  is  considered 
an  average  day's  work  for  each  of  the  farm  operations  involved  at 
the  above-mentioned  wage.  As  before  stated,  the  type  of  soil  and 
seasonal  conditions  will  determine  to  a  certain  extent  the  labor 
required  and  the  consequent  cost  per  acre.  The  cost  of  production 
as  computed  in  Tables  II  and  IV  is  not  offered  as  being  absolute 
for  any  locality,  either  in  the  amount  of  labor  required  or  its  cost, 
but  is  given  as  a  working  basis  for  the  comparison  of  the  results  by 
different  methods  of  preparation. 
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Table  II. — Average  co$t  per  acre  '  of  the  farm  operations  involved  in  growing  spring 
wheat  in  the  Great  Plains  area. 

[The  wage  scale  assumed  is  $2  per  day  for  each  man  and  $1  per  day  for  eadi  horse.] 


Operation. 


Plowing 

Disking 

Harrowing 

Suhsoiling 

Drilling 

Coltivating 

Listing 

Harvesting: 

Catting  and  binding 

Shocking 

Twine , 

Binder  wear  and  repair. 


Force  empIo3red. 


Men.       Horses. 


Day's 
work. 


Acres, 


36 
3i 
16 
16 
10 

15 


Item 
cost. 


to.  40 
.13 
.25 
.15 


Cost  per 
aoe. 


.75 
.17 
1.43 
.40 
.38 
.« 


1  The  cost  of  Uirashing  is  not  included  in  the  cost  per  acre,  but  it  is  estimated  at  10  cents  per  bushel  ind 
deducted  from  the  price  of  80  cents  in  the  granary,  thus  givmg  a  value  of  70  cents  per  bushel  in  the  s"  "^ 


The  costa  of  hauling,  stacking,  and  thrashing  are  not  included  in 
the  per-acre  cost  of  production  because  they  can  be  calculated  more 
accurately  on  the  basis  of  cost  per  bushel,  as  hereafter  explained. 

The  average  farm  price  of  wheat  used  in  these  computations  is 
based  on  the  data  given  in  Table  III,  furnished  by  the  Bureau  of 
Crop  Estimates.  The  four  States  of  Kansas,  Nebraska,  North  Da- 
kota, and  South  Dakota  were  selected  because  their  extensive  wheat 
production  has  given  them  established  market  prices,  which  are  not 
greatly  influenced  by  local  conditions. 

Table  III. — Average  price  o/sprina  wheat  at  the/arm  granary  for  10  years  in  four  States 

of  the  Great  Plains  area. 

[The  quotations  are  given  in  cents  per  bushel.   Those  for  the  year  1014  are  for  the  date  of  Not.  1;  In  othsr 

years  Deo.  1  is  taken  as  the  date.) 


Year. 

North 
Dakota. 

South 
Dakota. 

Ne- 
braska. 

Kansas. 

Aver- 
age. 

Year. 

North 
Dakota. 

South 
Dakota. 

Ne- 
braska. 

Kuases. 

Aver- 

1906 

1906 

1907 

1908 

1909 

1910 

60 
63 
87 
92 
92 
90 

67 
61 
89 
92 
90 
89 

66 
67 
79 
84 
89 
80 

71 
58 
82 
88 
96 
84 

m 

69 
84| 
89 

1911 

1912 

1913 

1914 

Average. 

89 
69 
73 
97 

91 
09 
71 
90 

87 
69 
71 
92 

91 
74 
79 
94 

894 
% 
73 
94 

82 

81 

77 

83 

9H 

Table  III  shows  that  the  average  farm  price  of  wheat  on  Decomb^ 
1  for  the  past  10  years  has  been,  in  roimd  numbers,  80  cents  per 
bushel.  It  costs  about  10  cents  per  bushel  to  take  the  grain  from 
the  shock,  thrash  it,  and  put  it  in  the  granary  on  the  farm.  Thb 
cost  per  bushel  does  not  vary  greatly  with  the  yield  and  is  therefore 
a  fixed  price  per  bushel  instead  of  a  fixed  price  per  acre,  as  is  the  case 
with  the  other  costs  of  production.  It  is  therefore  obvious  that  the 
relative  profits  of  producing  wheat  imder  the  different  methods  can 
best  be  determined  by  finding  the  difference  between  the  fixed  cost 
per  acre  and  the  value  per  acre  of  the  grain  at  the  point  where  the 
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fixed  cost  per  acre  ends,  which,  as  before  stated,  is  when  the 
grain  is  in  the  shock.  Knowing  that  the  average  farm  value  of  wheat 
in  the  granary  is  80  cents  per  bushel,  and  that  it  costs  10  cents  per 
bushel  to  take  it  from  the  shock,  thrash  it,  and  put  it  in  the  granary, 
it  is  obvious  that  it  would  be  worth  70  cents  per  bushel  in  the  shock. 
This  valuation  of  70  cents  per  bushel  has  therefore  been  used  as  a 
basis  for  calculating  the  relative  crop  values,  costs,  and  profits  per 
acre  of  these  various  methods. 

In  conformity  with  the  foregoing  explanation.  Table  IV  gives  in 
detail  the  cost  of  producing  wheat  in  the  shock,  expressed  in  dollars 
and  cents,  and  in  bushels  per  acre  at  70  cents  per  bushel  in  the  shock. 

Table  IV. — Cott  per  acre  of  producing  wheat  in  the  shock  in  the  Great  Plains  area^ 
showing  averages  of  data  from  eight  stations. 


Method  of 
preparation. 


Number  of  operations. 


i 


Cost  per  acre. 


i 


Total  cost  of 
production. 


s 


Disked  com  land. 

Listed 

Spring  plowed 

Fall  plowed 

BubsoUed 

Summer  tilled 


Green  manured: 
With  rye »... 
With  peas  >.. 


1.6 


1.3 
1.6 
1.3 
2.3 
1.7 
9.2 


0.5 

S.8 


1 

1.2 
.5 
.9 
.9 

2.6 


2.4 
2.7 


0.5 


10.97 
1.77 
2.31 
2.78 
3.39 
6.12 


7.73 
10.73 


to.  85 

.85 
.85 
.85 
.85 
.85 


.85 


10.40 
.40 
.40 
.40 
.40 
.40 


.40 
.40 


ia93 
.93 
.93 
.93 
.93 


.93 
.93 


$1.60 
1.60 
1.60 
1.60 
1.60 
3.20 


3.20 
3.20 


$4.75 
5.55 
6.09 
6.56 
7.17 

11.50 


6.8 
7.9 
8.7 
9.4 
ia2 
16.4 


13.11 
16.11 


18.7 
23.0 


Ayerageoost  of  green 
manuring. .. .  • . 


14.61 


2a8 


^  The  cost  of  rye  for  seeding  one  acre  is  estimated  at  $1. 
s  The  cost  of  peas  for  seeding  one  acre  is  estimated  at  $4. 

RESULTS  AT  THE  SEVERAL  STATIONS. 

Accompanying  the  presentation  of  the  results  for  each  station  is  a 
brief  soil  description,  with  particular  reference  to  the  depth  of  the 
soil  and  its  water-holding  capacity.  Only  such  information  is  given 
as  is  necessary  to  understand  fully  the  interpretation  of  the  results. 

JUDriH  BASIN  FIELD  STATION. 

The  field  station  at  Moccasin,  Mont.,  in  the  Judith  Basin,  is  located 
on  a  heavy  clay  soil  of  limestone  origin.  The  soil  is  apparently  very 
rich  in  available  fertility.  It  is  imderlain,  at  a  depth  of  approxi- 
mately 3  feet,  by  a  limestone  gravel  that  is  closely  cemented  with 
lime  materials.  The  gravel  subsoil,  which  extends  to  a  depth  of 
about  30  feet,  is  practically  free  from  soil.  While  it  is  so  cloeelj 
cemented  th&t  it  does  not  unduly  drain  the  soil,  it  is  not  of  a  character 
that  allows  the  storage  of  available  water  or  the  development  of 
roots  within  it.    The  presence  of  gravel  in  the  surface  soil  does  not 
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permit  the  taking  of  satisfactory  samples  for  the  study  of  soil  moisture. 
Enough  has  been  done,  however,  to  make  certain  that  only  a  limited 
supply  of  water  available  to  the  crop  can  be  stored  in  the  soil.  This 
shallowness  of  the  soil  and  the  consequent  limitation  of  the  supply  of 
water  that  can  be  stored  in  it  and  recovered  by  a  crop  make  the  crop 
dependent  in  large  part  upon  the  rains  that  fall  while  the  crop  is 
growing. 

Table  V. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Judith  Basin  Field  Station,  1909  to  1914,  inclusive. 


Treatment  and  previous  crop. 

Number 
of  plats 
aver- 
aged. 

Yield  per  acre  (bushels). 

1909 

1910 

1911 

1912 

1913 

1914 

ATongQu 

Fall  plowed: 

Com 

2 
2 
1 

31.3 
3«.8 
33.4 

13.2 
11.5 
14.0 

21.4 
24.7 
22.0 

oH 
H 
U 

H 
11 
H 

H 
H 
H 

H 
H 

H 

24.9 
23.5 
18.5 

18.1 
19.1 
15.8 

2L8 

Oats 

23.2 

Wheot 

20.7 

Total  or  average 

5 

33.9 

12.7 

22.8 

23.1 

18.0 

22.1 

Spring  plowed: 

Com 

1 
2 
2 

33.1 

631.6 

35.6 

n.6 
lao 

».2 

21.3 
20.8 
24.1 

23.8 
24.1 
2S.4 

18.5 
18.1 
16.7 

21.7 

Oats 

20.9 

Wheat 

22.2 

Total  or  average 

5 

<-34.0 

10.0 

22.6 

24.5 

17.6 

21.7 

Listed:  Wheat 

1 
1 
8 

33.3 
36.3 
35.0 

8.3 
15.0 
10.8 

26.5 
23.5 
23.9 

23.3 
22.8 
23.6 

17.1 
16.5 
19.4 

2L7 

Siibsolled:  Wheat 

22.8 

Disked:  Com 

215 

(jreen  manured: 

Rve 

1 
1 

34.0 
28.3 

9.0 
11.0 

19.0 
20.6 

28.0 

ao.5 

15.1 
l<i.3 

21  0 

Pftft-S 

19.7 

Total  or  average 

2 

31.2 

10.0 

19.8 

24.3 

16.7 

20.4 

Summer  tilled 

4 

d34.1 

7.2 

20.1 

22.9 

19.5 

20.8 

Average  of  all  26  plats 

34.1 

10.6 

22.6 

23.6 

18.4 

21  0 

Summary  of  Yields  and  Dioest  of  Cost. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average 
per  acre). 

FaU 
plowed 

(5 
plats). 

plowed 

(5 
plats). 

Di^ed 

(8 
plats.) 

Listed 

(1 
plat). 

Sub- 
soiled 

(1 
plat). 

Green 

ma- 

nured(2 

plats). 

Sum- 
mer 
tnied 

(4 
plats). 

Com 

(11 

pIfttB). 

Sman 
grain 

(0 
plats). 

Yields  of  grain: 

1909 bushels.. 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

33.9 

12.7 

22.8 

H 

23.1 

18.0 

e34.0 

elO.O 

e22.6 

H 

24.5 
17.6 

35.0 

10.8 

23.9 

H 

23.6 

19.4 

33.3 
8.3 
26.5 
H 

2S.3 
17.1 

36.3 

15.0 

23.5 

H 

22.8 

16.5 

31. 2 

10.0 

10.8 

H 

24.8 

16.7 

<i34.1 
<I7.2 
20.1 
H 

219 
19.5 

•  84.1 

•  11.8 

g.a 

23.8 
19.1 

/34.9 
/ILl 
/2t8 
H 

28.4 
17.5 

Average 

22.1 

21.7 

22.5 

21.7 

22.8 

20.4 

20.8 

21.9 

2311 

Crop  value,  cost  of  produc- 
tion, etc.: 
Value 

$15.47 
6.56 

$15.19 
6.09 

$15.75 
4.75 

$15.19 
5.55 

$15.96 
7.17 

$14.28 
14.61 

$14.56 
1L50 

Cost 

****•*•* 

Profit  or  loss 

8.91 

9.10 

ILOO 

9.«4 

&79 

-    .38 

8.06 

a  H— Destroyed  by  haU. 
b  Yield  of  1  plat  only. 


«  Average  of  4  plats. 
i  Average  of  8  plats. 


«  Average  of  10  plats. 
/Av«ageof8plBtB. 
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The  most  significant  fact  shown  by  Table  V  is  the  lack  of  material 
differences  in  yield  resulting  either  from  different  methods  of  handling 
the  soil  in  preparation  for  spring  wheat  or  from  the  effect  of  the  crop 
immediately  preceding.  This  indicates  that  the  place  given  to  spring 
wheat  in  a  rotation  is  comparatively  imimportant.  This  is  rather  to 
be  expected  when  the  factors  that  determine  production  are  mider- 
stood  in  the  light  of  recent  information.  There  is  not  space  here  to 
discuss  the  subject,  but  suffice  it  to  say:  (1)  On  this  rich,  virgin, 
limestone  soil,  production  is  not  immediately  dependent  upon  in- 
creased f ertiUty  or  greatly  influenced  by  additions  to  or  removal  of  its 
elements;  (2)  the  shallowness  of  the  soil  where  it  is  underlain  by  non- 
functioning gravel,  together  with  the  usually  heavy  spring  rains, 
makes  it  impossible  to  realize  the  benefits  that  might  be  expected  to 
accrue  from  methods  of  cultivation  calculated  to  add  to  the  total 
moistiu'e  supply  by  storage  of  moisture  in  the  soil. 

The  problems  appear  to  be  those  of  good  seed,  good  stand,  freedom 
from  weeds,  and  getting  work  done  in  proper  season  rather  than  those 
of  certain  methods  of  tillage.  How  soon  results  may  become  apparent 
from  rotations  that  either  add  to  or  take  from  the  fertihty  of  the  soil, 
it  is  impossible  to  predict. 

The  variations  in  yields  have  been  so  small  up  to  the  present  time 
that  it  is  possible  all  may  be  within  the  hmits  of  experimental  error 
or  due  to  variations  existing  in  the  soil.  It  would  therefore  be 
unprofitable  to  discuss  in  detail  the  small  variations  that  appear. 
The  results  are,  however,  of  great  importance  in  the  evidence  they 
offer  that  no  one  of  the  methods  tried  is  essential  to  success  in  the 
growth  of  spring  wheat  and  in  the  consequent  freedom  allowed  in 
arranging  a  cropping  system  which  need  not  necessarily  include  any 
imduly  expensive  or  laborious  method  as  a  requisite  of  production. 

Since  there  are  no  essential  differences  in  yields  from  different 
methods  at  this  station,  it  follows  that  the  relative  profit  or  loss  has 
been  largely  determined  by  the  cost  of  production.  The  spring  wheat 
crop  has  been  raised  at  a  profit  by  all  methods  except  that  of  green 
manuring.  The  largest  profit  has  been  obtained  from  disked  corn 
groimd.  The  value  of  it  as  a  farm  practice  would  depend  upon  the 
profitable  growth  or  utilization  of  the  com  crop  in  a  farming  system. 

The  next  highest  profits  have  been  obtained  from  listing  instead  of 
plowing.  This  again  is  due  to  the  low  cost  of  preparation.  While 
the  yield  from  simxmer  tillage  has  been  about  the  same  as  from  other 
methods,  the  increased  cost  of  this  method  has  been  sufficient  to 
reduce  the  profit  from  $11  per  acre  on  disked  corn  ground  to  $3.06 
per  acre  on  simmier-tilled  land. 

The  heavy  cost  of  green  manuring  has  caused  it  to  be  done  at  the 
nominal  loss  of  33  cents  per  acre,  when  its  whole  cost  is  charged  to 
the  first  crop  that  follows  it.     From  the  standpoint  of  actual  yields 
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ishels  per  acre  it  appears  that  no  particular  method  of  prepara- 
for  spring  wheat  is  essential  at  this  station.  From  the  stand- 
.  of  profits  per  acre  it  would  appear  that  the  greatest  profits  are 
ed  from  the  least  expensive  methods. 

HUNTLET  FIELD  STATION. 

e  field  station  at  Himtley,  Mont.,  is  located  in  the  valley  of  the 
iwstone  River  at  the  foot  of  the  first  bench.  The  soil  is  a  heavy 
>o  to  a  depth  of  about  8  feet.  Underlying  the  soil  is  a  considera- 
epth  of  free-drained  gravel.  This  soil  carries  a  large  proportion 
ailable  water  and  allows  deep  feediifg  of  the  crop.  It  is  conse- 
tly  possible  to  store  in  it  a  maximum  quantity  of  water  that 
>e  recovered  by  the  crop. 

;  VI. —  Tielda  and  cost  of  production  of  ipring  wheat  by  different  methodi  at  the 
HurUley  Field  Station,  191S  and  1914^ 


leatandpre- 

Num- 
ber 
of 
plats 
aver- 
aged. 

Yield  per  acre 
(bushels). 

Tieatmeat  and  pre- 
vious orop. 

Num- 
ber 
of 
plalv 
avei^ 
aged. 

Yield  per  acre 
(bu^Ss). 

>1]flCI0p. 

1913 

19U 

Aver- 
age. 

1913 

1914 

Aver- 
age 

wed: 

1 
2 
1 

19.3 
16.8 
11.8 

21.6 

27.8 
20.2 

20.4 
21.8 
16.0 

Listed:  Wheat 

Subsofled:  Wheat... 
Disked:  Com 

Oreen  manured: 
RTe» 

1 
1 
8 

16.5 
14.5 

ia2 

19.5 
17.5 
26.5 

l&O 
16^0 

B.... ,,,. 

22.4 

eat 

1 

1 

15.0 
21.3 

26.0 
26.8 

otal  or  aver- 

4 

15.7 

24.3 

20.0 

20.5 

ace 

Peas 

24.1 

Total  or  aver^ 
age 

)]owed: 

a 

1 
1 
1 

18.6 
14.3 
18.0 

24.6 
24.8 
18.3 

21.6 
19.6 

17.2 

2 

18.2 

26.4 

22LS 

Summer  tilled 

Average  of  aU22plats 

Bat. 

3 

25.5 

26.3 

25.9 

}tal  or  aver- 
age  

3 

16.3 

216 

10.6 

18.2 

24.8 

21.5 

SuHMABY  or  Yields  and  Diqbst  of  Cost. 


TUlage  treatment. 

Previous  crop. 

values,  etc  (average 
per  acre). 

Fall 
plowed 

(4 
plats). 

plats). 

Disked 

(8 
plats). 

Listed 
(Iplat). 

Sub- 
soiled 
(Iplat). 

Green 
ma- 
nured 

(2 
plats). 

Sum- 
mer 
tiUed 

(3 
plats). 

Com 

(10 

Plata). 

Small 
plats). 

1  grain: 

busheb.. 

do.... 

15.7 
24.3 

16.3 
22.6 

18.2 
26.5 

16.5 
19.5 

14.5 
17.6 

18.2 
26.4 

25.6 
26.3 

18.4 
26.8 

15.0 
22.3 

irerage 

20.0 

19.5 

22.4 

18.0 

16.0 

22.3 

25.9 

22.1 

18.7 

lue,  cost  of  produo- 

)to.: 

le 

$14.00 
6.56 

$13.65 
6.09 

$15.68 
4.75 

$12.  eo 

5.55 

$11.20 
7.17 

$15.61 
14.61 

$18.13 
11.50 

X)flt. 

7.44 

7.56 

10.93 

7.06 

4.08 

1.00 

6.63 

>  Barley  was  us^d  in  place  of  rye  in  1913. 
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The  results  of  only  two  years  are  available  for  study  from  the 
Huntley  station.  Both  were  years  of  good  to  heavy  production,  but 
years  when  production  was  determined  to  a  considerable  degree  by 
the  amount  of  water  stored  in  the  soil  at  seeding  time.  There  was 
consequently  rather  sharp  response  to  those  methods  that  start  a 
crop  with  more  available  soil  water  than  others. 

The  highest  average  yield,  25.9  bushels  per  acre,  has  been  obtained 
from  summer  tillage.  The  next  highest  yield,  24.1  bushels,  has  been 
from  the  use  of  peas  as  green  manure.  Disked  com  ground  with  a 
yield  of  22.4  bushels  has  been  better  than  com  ground  plowed  either 
in  fall  or  spring.  The  data  on  the  effects  of  fafl  and  spring  plowing 
of  either  com  ground,  wheat,  or  oat  stubble  being  rather  contradic- 
tory and  inconsistent  among  themselves,  are  hardly  sufficient  to  admit 
the  drawing  of  conclusions.  Indications  are  that  marked  differences 
are  not  to  be  expected.  The  same  lack  of  significant  difference 
exists  between  the  yields  from  listing  and  plowing.  The  yields  from 
Bubsoiled  land  have  just  equalled  those  from  land  similarly  treated 
in  every  way  except  subsoiling.  Green  manure,  on  the  average,  was 
productive  of  yields  intermediate  between  those  on  smnmer-tilled 
ground  and  those  on  cropped  ground.  The  crop  raised  in  1913  where 
peas  were  plowed  imder  was  much  superior  to  that  raised  where  barley 
was  plowed  under.  In  1914  there  was  httle  difference  between  the 
crop  after  peas  and  that  after  winter  rye. 

Wheat  has  been  produced  at  a  profit  by  all  methods.  The  greatest 
profit,  $10.93  per  acre,  has  come  from  disked  com  land.  This  is  due 
both  to  high  yield  and  low  cost  of  preparation.  Between  fall  plowing, 
spring  plowing,  and  listing  there  is  httle  difference,  the  profits  from 
them  exceeding  $3  per  acre  less  than  from  disked  com  groimd.  Sub- 
soiling,  on  account  of  its  low  yield  and  higher  cost,  has  reduced  tha 
profits  to  $4.03  per  acre.  The  high  cost  of  production  on  summer 
fallow  has  overcome  the  high  yield  to  the  extent  that  the  profit  from 
it  has  been  somewhat  less  than  that  realized  from  land  cropped  every 
year.  The  least  profit,  $1  per  acre,  has  been  from  the  use  of  green 
manure. 

WnXISTON  FIELD  STATION. 

The  experimental  work  at  the  WiUiston  Field  Station,  in  North 
Dakota,  is  conducted  on  a  silt  soil  that  carries  a  considerable  propor- 
tion of  available  water  and  on  which  the  depth  of  feeding  is  limited 
only  by  the  depth  to  which  the  character  of  the  crop  limits  its  devel- 
opment of  roots. 

The  results  of  five  years  are  available  for  study  from  WiUiston 

station.     The  production  for  two  of  these  years  was  very  heavy,  the 

average  yield  from  all  plats  in  1912  being  the  highest  yet  recorded 

in  this  work.     The  year  1913  was  one  of  good  but  not  excessive 
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yields,  while  in  1910  and  1911  nearly  all  yields  were  so  low  as  to  be 
practical  failures.  With  this  wide  diversity  in  seasons  and  yields, 
the  results  from  year  to  year  have  been  fairly  consistent,  the  most 
serious  departure  being  the  low  yield  on  disked  com  ground  in  1914. 
Minor  differences,  it  is  true,  have  been  manifested,  particularly  as  to 
the  relative  merits  of  fall  and  spring  plowing,  but  on  the  whole  there 
is  a  remarkable  uniformity. 

Tablb  VII. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Williston  Field  Station,  1910  to  1914,  inclusive. 


Treatment  and  previous  crop. 

Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1910 

1911 

1912 

1913 

1914 

Average. 

Fall  plowed: 

Com 

1 
2 

1 

0.7 

.9 

1.3 

1.8 
1.7 
2.3 

36.5 
35.1 
33.8 

16.1 
9.5 
11.7 

23.3 
31.0 
22.5 

15.7 

Oats 

l."i.6 

Wheat 

14.3 

Total  or  average 

4 

.9 

1.9 

35.1 

11.7 

14.4 
13.0 
16.8 

26.9 

26.8 
31.5 
23.8 

15.3 

Spring  plowed: 

Com 

1 
1 
1 

.7 
1.9, 
1.7 

5.5 
4.0 
2.7 

38.2 
32.2 
25.2 

17.1 

Oats 

16.5 

Wheat 

14.0 

Total  or  average 

3 

1.4 

4.1 

31.9 

14.7 

27.4 

15-9 

Disked:  Com 

7 

.9 

5.8 

39.7 

15.3 

19.5 

16.2 

Oreen  manured: 

Rye 

1 

1 

2.8 
2.0 

.8 
3.5 

36.0 
33.0 

18.8 
19.7 

37.3 
32.7 

lft.1 

Peas 

18.0 

Total  or  average 

2 

2.4 

1.7 

34.5 

19.3 

35.0 

18.6 

Summer  tilled 

3 

4.9 

8.2 

39.9 

17.8 

30.3 

20.2 

Average  of  all  19  plats 

1.8 

4.6 

37.0 

15.2 

25.7 

16l9 

SuMMABT  OP  Yields  and  Diobst  of  Cost. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average 
per  acre). 

Fall 
plowed 
(4  plats). 

Spring 
plowed 
(Splats). 

Disked 
(7  plats). 

Oreen 
maniu-ed 
(2  plats). 

Summer 

tUled 
(3  puts). 

Com 
(9  plats). 

Sman 

grain 

(5  puts). 

Yields  of  grain: 

1910 bushels.. 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

0.9 
1.9 
35.1 
11.7 
28.9 

1.4 

4.1 

31.9 

14.7 

27.4 

0.9 
5.8 
39.7 
15.3 
19.6 

2.4 

1.7 

34.5 

19.3 

35.0 

4.9 

8.2 

39.9 

17.8 

30.3 

0.9 
5.3 
39.2 
15.3 
20.8 

1.3 

X5 

32.3 

12.1 

27.9 

Average 

15.3 

15  9 

1ft  9 

18.6 

20.2 

16.3 

15.  S 

Crop  value,  cost  of  production, 
etc.: 
Value 

$10.71 
6.56 

$11.13 
6  09 

$11.34 

A  7«i 

$13.02 
14.61 

$14.14 
11.50 

Cost 

Profit  or  loss 

4.15 

5  04  1          f^  ^^ 

-  1.59 

2.64 

The  highest  average  yield,  20.2  bushels  per  acre,  has  been  obtained 
from  summer  tillage.  The  plowing  imder  of  rye  or  peas  for  green 
manure  has  resulted  in  the  next  highest  average  yield.     Spring  rye 
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is  used  at  this  station  and  is  plowed  under  at  the  same  time  as  peas. 
This  is  done  in  early  summer,  and  the  land  is  then  handled  as  an 
intensively  cultivated  bare  fallow  until  seeding  time.  While  results 
have  fluctuated  between  the  two  crops  used  for  green  manure  from 
year  to  year,  the  variations  have  probably  been  within  the  limits  of 
experimental  error. 

As  to  the  relative  merits  of  fall  and  spring  plowing  and  disking  as 
a  means  of  preparation  for  wheat,  the  yields  show  such  lack  of  con- 
sistency from  year  to  year  that  it  would  be  unwise  to  attempt  to  draw 
general  conclusions  from  the  data  at  hand,  unless  it  were  that  the 
results  attending  these  practices  wiU  vary  with  the  season  and  that 
no  particular  one  is  essential  to  success. 

Wheat,  on  both  spring  and  fall  plowing  after  oats,  appears  on  the 
average  to  yield  better  than  wheat  after  wheat. 

When  the  cost  of  production  is  figured,  it  is  found  that  the  average 
yields  of  the  five  years  under  study  have  been  sufiicient  to  allow  a 
profit  from  all  methods  except  that  of  green  manure.  While  the 
yield  from  this  method  was  next  to  the  highest,  it  was  not  enough  to 
ofifset  the  heavy  cost  of  production. 

The  greatest  profit,  $6.59  per  acre,  was  obtained  from  disked  com 
ground,  and  the  least,  $2.64  per  acre,  from  summer  tillage. 

DICKINSON  FIELD  STATION. 

The  soil  at  the  Dickinson  Field  Station,  in  North  Dakota,  is  somewhat 
lacking  in  uniformity.  In  general,  however,  it  is  characterized  as  a 
sandy  loam  to  a  depth  of  approximately  5  feet.  Below  this  depth 
is  a  hghter  soU,  which  in  some  cases  becomes  very  sandy  or  pure  sand. 
The  soil  has  the  capacity  to  retain  a  large  proportion  of  water  and  to 
give  up  to  the  crop  a  large  share  of  what  is  retained.  This  feature, 
in  connection  with  the  depth  to  which  a  crop  may  feed,  makes  it 
possible  to  store  in  this  soil  an  exceptionally  large  quantity  of  water 
that  can  be  recovered  by  the  crop. 

While  records  for  the  Dickinson  station  are  available  for  study 
since  and  including  1908,  the  yields  and  averages  are  made  up  from 
the  results  of  six  years,  as  the  crop  of  1912  was  destroyed  by  hail 
shortly  after  heading.  As  the  fall  plowing  that  year  was  done 
exceptionally  early,  on  account  of  the  opportunity  offered  by  the 
early  removal  of  the  crop,  it  shows  up  relatively  much  better  than 
usual  in  1913.  On  this  account  it  approached  summer  tillage  and 
green  manure  both  in  opportunity  and  in  results. 

Four  of  the  years  studied  have  been  years  of  heavy  wheat  produc- 
tion from  all  methods.  The  year  1911  was  one  of  low  general  average, 
but  of  exceptional  differences  between  methods.  It  was  a  year  of 
drought  during  the  late  stages  of  growth,  which  made  it  possible  to 
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realize  a  maximum  benefit  from  the  water  previously  stored  in  the 
soil  by  some  methods.  The  crop  of  1914  was  damaged  at  least  25 
per  cent  by  hail  shortly  before  harvest. 

Table  VIII. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Dickinson  Field  Station,  1908  to  19U,  inclusive. 


Treatment  and 

Number 
of  plats 

Yield  per  acre  (bushels). 

previous  crop. 

1906 

1909 

1910 

1911 

1912 

1913 

1914 

Average. 

Fallplowed: 

Com 

1 
1 
2 
1 

85.0 
33.8 
19.7 
17.7 

37.3 
40.7 
34.7 
25.2 

24.0 
22.6 
19.2 
18.2 

4.7 

8.2 

.7 

L4 

H 
H 
H 

H 
H 
H 

H 

H 
H 
H 

H 

27.5 
27.6 
26.8 
20.6 

15.9 
13.2 

n.3 

8.9 

24  1 

Manured  com 

Oats 

23.5 
18.7 

Wheat 

15.3 

Total  or  average... 

5 

25.2 

34.6 

20.6 

2.1 

25.8 

12.1 

20.1 

Si)ring  plowed: 

Com 

1 
1 

1 

36.0 
18.7 
24.3 

39.7 
30.7 
26.8 

27.8 
18.1 
17.4 

14.0 
1.3 
5.7 

28.0 
17.0 
13.5 

12.0 
15.2 
10.5 

26.1 

Oats 

16.8 

Wheat 

16l4 

Total  or  average... 

3 

26.0 

32.4 

2L1 

7.0 

19.5 

12.6 

19.  S 

Disked:  Com 

9 

32.3 

37.9 

22.7 

3.8 

27.8 

15.3 

23.3 

Green  manured: 

Rye 

2 
2 

1 

32.1 
30.0 
31.0 

38.3 
36.0 
32.3 

19.7 
17.4 
19.0 

6.6 
1.2 
L3 

28.0 
24.8 
24.6 

20.0 
18.6 
13.7 

24.0 

Peas 

21  3 

Sweet  clover 

20.3 

Total  or  average. . . 

5 

31.0 

36.1 

18.6 

3.0 

26.0 

18.2 

22.2 

Summer  tflled 

3 

33.6 

36.9 

26.0 

22.1 

27.2 

19.2 

27  5 

Average  of  all  25  plats. . . 

30.0 

36.1 

21.7 

5.9 

25.9 

15.4 

22.5 

Summary  of  Yields  jlmd  Digest  of  Cost. 


Tfllage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average 
per  acre). 

FaU 
plowed 
(Splats). 

plowed 
(Splats). 

Disked 
(9  plats). 

Green 
manured 
(5  plats). 

Summer 

tilled 
(3  plats). 

Com 

(12  puts). 

Small 

grain 

(5plats). 

Yields  of  grain: 

1908 bushels.. 

1909 do.... 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

25.2 
34.5 
20.6 
2.1 
H 

25.8 
12.1 

26.0 
32.4 
21.1 
7.0 
H 

19.5 
12.6 

32.3 
37.9 
22.7 
3.8 
H 
27.8 
16.3 

31.0 
36.1 
18.6 
3.0 
H 

26.0 
18.2 

33.6 
36.9 
26.0 
22.1 
H 

27.2 
19.2 

33.0 

38.3 

23.2 

4.9 

H 

27.8 
14.9 

ao.0 

30.4 
18.4 
2.0 
H 
20,9 
11.4 

Average 

20.1 

19.8 

23.3 

22.2 

27.5 

23.7 

17  2 

Crop  value,  cost  of  production, 
etc.: 
Value 

fl4.07 

G.56 

S13.86 
6.09 

$16.31 
4.75 

$16.54 
14.61 

$19.25 
11.50 

Cost 

Profit 

7.51 

7.77 

11.56 

.93 

7.75 

»  H- Destroyed  by  hail. 

Some  indications  shown  in  Table  VIII  are  rather  striking.  The 
eflFect  of  the  preceding  crop  and  the  preparation  for  spring  wheat 
divide  rather  sharply  into  two  groups,  as  indicated  by  the  results 
obtained.  When  wheat  followed  summer  tillage,  com,  or  green 
manure  it  has  given  comparatively  high  yields.     When  it  followed 
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small  grains,  the  yields  have  been  comparatively  low,  regardless 
of  preparation. 

As  between  oats  and  wheat,  whether  spring  or  fall  plowed,  or 
between  spring  or  fall  plowing  of  either  wheat  or  oat  stubble,  no 
decision  is  apparently  to  be  made  from  the  data  at  hand.  The 
advantage,  if  any,  seems  to  be  in  favor  of  fall-plowed  oat  stubble. 

The  highest  average  yield,  and  it  is  a  very  high  average,  27.5 
bushels  per  acre,  has  been  obtained  by  summer  tillage.  But  spring- 
plowed  com  ground  has  averaged  26.1  bushels;  fall-plowed  com 
groimd,  24.1  bushels;  and  nine  plats  of  disked  corn  groimd,  well 
distributed  over  the  field,  have  averaged  23.3  bushels  per  acre. 
Considering  the  importance  of  com  in  a  general  farming  system 
and  the  small  advantage  shown  by  summer  tillage  over  com  land  in 
producing  wheat,  it  would  seem  that  even  here  where  summer  tillage 
has  been  productive  of  such  high  yields,  it  can  have  no  regular  place 
in  a  permanent  farming  system. 

The  use  of  manure  on  com  does  not  appear  to  have  had  as  yet 
any  appreciable  effect  upon  the  wheat  that  followed  the  com. 

The  use  of  winter  rye  plowed  under  as  green  manure  has  thus 
far  been  productive  of  considerably  better  results  than  the  similar 
use  of  either  peas  or  sweet  clover.  This  difference  in  yield  is  probably 
due  to  the  fact  that  winter  rye  may  be  plowed  imder  considerably 
carHer  than  either  the  peas  or  sweet  clover. 

Both  high  yield  and  low  cost  of  production  have  combined  to 
give  the  greatest  profit  per  acre,  $11.56,  from  wheat  on  disked  com 
ground.  The  high  yield  of  wheat  on  summer  tillage  has  been  scarcely 
sufficient  to  overcome  the  increased  cost  of  this  method.  It  shows 
a  profit  of  $7.76  per  acre,  while  spring-plowed  land  that  had  been 
cropped  shows  a  profit  of  $7.77  per  acre,  and  fall-plowed  land  shows 
$7.51.  While  green  manuring  shows  about  the  same  production  as 
land  from  which  a  crop  was  removed,  the  high  cost  of  the  method  has 
reduced  the  profit  from  it  to  93  cents  per  acre. 

EDGELEY  FIELD  STATION. 

The  field  station  at  Edgeley,  N.  Dak.,  is  located  on  a  soil  that  is 
derived  from  the  decomposition  of  shale.  Shale  in  undecomposed 
particles  is  found  very  near  the  siuf ace.  In  the  third  foot  the  shale, 
while  broken  and  offering  fairly  free  passage  to  water,  is  not  as  yet 
broken  down  into  soil.  The  depth  of  feeding  of  crops  is  practically 
limited  to  the  first  2  feet.  The  first  foot  carries  an  exceptionally 
large  proportion  of  water  available  to  the  crop.  The  limited  depth  of 
soil  that  functions  in  the  storage  of  water  and  in  the  development 
of  the  crop,  however,  limits  the  supply  of  water  that  can  be  carried 
in  the  soil  to  about  half  of  that  carried  by  soils  of  greater  depths. 
This  makes  the  crop  peculiarly  dependent  upon  rains  that  fall  while 
it  is  growing. 
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Table  IX. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Edgeley  Field  Station,  1907  to  1914,  inclusive. 


Treatment  and  previous 

Nimiber 
of  plats 
averaged. 

Yield  per  aero 

(bushels). 

crop. 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

Average. 

FaUDlowed: 

Com 

1 
2 

1 

12.6 
9.5 
7.0 

20.8 
13.0 
15.3 

32.5 
27.6 
23.3 

6.3 
4.7 
5.2 

1.5 
1.0 
.5 

86.7 
30.3 
27.0 

23.0 
15.9 
12.1 

16.8 
17.1 
9.2 

18.8 

Oats 

14.9 

Wheat 

12.5 

Total  or  ayerage... 

4 

9.7 

15.5 

27.7 

5.2 

1.0 

Rl.l 

16.7 

15.1 

15.3 

Sprtog  plowed: 

Com 

2 

1 
1 

0  13.2 
4.2 
4.1 

a  15. 8 
13.5 
13.3 

28.0 
25.8 
28.3 

4.7 
3.8 
4.0 

.8 
.2 

.7 

35.5 
31.3 
35.0 

22.7 

aa6 

16.3 

16.7 
17.5 
11.3 

17.2 

Oats 

14.6 

Wheat 

14.1 

Total  or  average  .. 

4 

7.2 

14.2 

27.5 

4.3 

.6 

34.3 

20.6 

15.5 

15.5 

Disked:  Com 

12 

bl3.4 

C18.1 

27.8 

5.7 

2.6 

3.3.6 

23.6 

17.0 

17.7 

Qreen  manured: 

Rye 

1 

1 
1 

10.5 
10.2 

19.8 
18.2 
11.7 

30.5 
28.6 
23.1 

2.6 
6.3 
3.6 

.3 
.2 
.2 

36.7 
37.5 
34.2 

81.8 
22.1 
24.5 

12.8 
20.3 
14.3 

l&O 

Peas 

17.9 

Sweet  clover 

15.9 

3 

<I10.4 

16.6 

27.4 

4.2 

.2 

36.1 

22.8 

15.8 

1«.7 

Rummer  tnied 

5 

•110.9 

15.8 

27.5 

8.0 

3.2 

35.4 

26.1 

l&O 

17.9 

MO.  6 

/16.6 

27.6 

5.7 

1.9 

33.9 

22.5 

16.2 

16l9 

SUMMABT  OF  YIELDS  AND  DIGEST  OF  COST. 


TUlage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average 
per  acre). 

Fall 
plowed 
(4  plats). 

plowed 
(5ipl«»ts). 

Disked 

(12 
plats). 

Cr«eo 
manured 
(8  plats). 

Summer 

tilled 
(5  plats). 

Cora 

(15 
plats). 

Small 

grsin 

(5  plats). 

Yields  of  grafai: 

1907 brahels.. 

1908 do.... 

1909 do.... 

1910 do.... 

l*^!! do.... 

1912 do.... 

1913 do.... 

1914 do.... 

9.7 
15.5 

27.7 
5.2 
1.0 
31.1 
16.7 
15.1 

P7.2 

014.2 

27.5 

4.3 

.6 

34.3 

20.6 

15.5 

613.4 
el8.1 
27.8 
6.7 
2.6 
33.6 
23.6 
17.0 

10.4 
16.6 
27.4 
4.2 
.2 
36.1 
22.8 
15.8 

10.9 
15.8 
27.5 
8.0 
3.2 
35.4 
26.1 
16.0 

»13.2 
18.2 
26.1 
5.6 
2.3 
<34.0 
23.4 
17.0 

6.9 
13.6 
26l5 

4.5 

.7 

30.8 

16.1 

14.4 

Average 

15.3 

15.5 

17.7 

16.7 

17.9 

17.7 

14.2 

Crop  value,  cost  of  production, 
Value 

$10.71 
6.56 

$10.85 
6.09 

$12.39 
4.75 

$11.60 
14.61 

tl2.53 
11.60 

Cost 

Profit  or  loss     

4.15 

4.76 

7.64 

-  2.92 

•  1.0B 

a  Yield  of  1  plat. 
b  Average  0(5  plats. 
c  Average  of  9  plats. 


d  Average  of  2  plats, 
e  Average  of  18  plats. 
/  Average  of  22  plats. 


9  Average  of  3  plat^. 
*  Average  of  7  plats. 
i  Average  of  11  plats. 


This  station  presents  for  study  the  results  of  eight  years.  Five  of 
these  have  been  years  of  good  to  heavy  production.  In  one  year  the 
production  was  light,  in  another  it  was  very  poor,  while  the  remain- 
ing year  was  one  of  practical  failure  of  all  methods  under  study. 

The  wide  diflferences  in  yield  resulting  from  different  methods  of 
preparation  that  were  obtained  at  some  stations  diiring  some  years 
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are  not  exhibited  at  this  station  in  either  the  good  or  the  poor  years. 
The  reason  for  this  is  to  be  found  in  the  shallowness  of  the  soil  that 
functions  for  the  growth  of  the  crop  and  for  the  storage  of  water  that 
can  be  recovered  by  the  crop.  This  shallowness  makes  the  crop 
dependent  for  its  growth  upon  seasonal  rains  that  fall  while  the  crop 
is  growing.  It  may  be  that  this  shallowness  makes  it  possible  to 
realize  quicker  results  from  the  cumulative  effect  of  the  use  of  manure 
than  would  be  realized  on  deeper  soils. 

The  relative  merits  of  fall  or  spring  plowing  of  either  wheat  or  oat 
stubble  seem  to  be  a  matter  of  season.  In  no  case  does  it  make 
a  great  diflference,  and  on  the  average  the  diflference  has  been  neg- 
ligible. It  should  be  noted  that  the  result  from  the  one  plat  of  wheat 
on  spring-plowed  wheat  land  deserves  but  little  consideration.  On 
account  of  its  location  and  of  contiuual  spring  plowing,  it  has  accu- 
mulated blowing  soil  until  it  is  now  built  up  several  inches  above  its 
original  level,  or  the  present  level  of  other  plats. 

Fall-plowed  com  groxmd  has  apparently  had  an  advantage  over 
com  ground,  either  spring  plowed  or  disked,  in  preparation  for  wheat. 
The  results  are  determined  from  1  plat  of  fall-plowed  com  as  against 
12  plats  of  disked  com  ground,  which  are  distributed  over  the  whole 
field;  the  advantage,  therefore,  may  be  due  to  a  particularly  favor- 
able location  of  the  one  plat. 

With  the  exception  of  the  high  yield  of  wheat  in  1914  on  peas  used 
as  green  manure,  there  is  little  choice  between  them  and  rye  similarly 
used.  Both  have  been  better  than  sweet  clover  plowed  imder.  The 
average  yield  of  wheat  following  peas  as  green  manure  is  exactly 
the  same  as  the  average  on  summer  tillage. 

Summer  tillage  has  given  an  average  yield  of  17.9  bushels  per  acre 
for  the  eight  years.  This  is  exceeded  only  by  the  yield  on  fall-plowed 
com  ground.  When  this  is  compared  with  a  similar  average  yield 
of  17.7  bushels  per  acre  from  disked  com  ground  and  14.2  bushels 
from  wheat  under  all  methods  following  small-grain  crops,  it  is  seen 
that  summer  tillage  is  an  unnecessary  practice  and  one*  not  to  be 
recommended  for  this  section.  This  is  brought  out  strongly  by  Table 
IX,  which  shows  the  cost  of  production  and  the  resultant  profit  or 
loss  from  each  method.  Disked  com  groimd  shows  an  average 
8-year  profit  of  $7.64  per  acre,  spring  plowing  $4.76,  and  fall  plowing 
$4.15,  while  the  cost  of  smnmer  tillage  has  reduced  the  profit  to  $1.03. 
The  average  loss  for  the  green  manures  has  been  $2.92  per  acre. 

HETTINGBR  FIELD  STATION. 

The  soil  at  the  Hettinger  (N.  Dak.)  station  is  a  heavy  day  loam. 
The  seasons  during  which  the  work  has  been  carried  on  have  been 
such  that  the  results  of  soil-moisture  study  are  not  yet  conclusive 
in  determining  the  proportion  of  water  that  can  be  stored  in  the  soil 
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and  recovered  by  a  crop.  It  is  probable,  however,  that  the  depth 
of  feedmg  is  not  limited  by  any  physical  peculiarity  of  the  soil  and 
that  the  quantity  of  water  that  can  be  stored  is  large.  It  is  reasonable 
therefore  to  expect  that  on  this  soil  the  maximum  effect  will  be  realized 
from  methods  of  tillage  calculated  to  store  water. 

Table  X. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Hettinger  Field  Station,  1912,  191S,  and  1914. 


Treatment  and 
previous  crop. 

Num- 
ber of 
plats 
aver- 
aged. 

Yield  per  acre  (bushels). 

Treatment  and 
'    pre\ious  crop. 

Num- 
ber of 
plats 
aver- 
aged. 

Yield  per  acre  (busbeb). 

1912 

1913 

1914 

Aver- 
age. 

1912 

1913 

1914 

Avir 

FaU  plowed: 
Manured 

corn. 

Cora 

1 
1 
2 

1 

9.0 
13.8 
17.8 
12.0 

18.0 
17.8 
12.7 
10.7 

11.7 
12.0 
14.1 

6.2 

12.9 
14.5 
14.9 
9.6 

Disked: 

Cora 

Potatoes.... 

Total     or 
average. 

Green  manured: 
Rye 

11 
1 

17.6 
1L7 

18.4 
16.7 

1L7 
1L7 

15l9 
13.4 

Oats 

Wheat 

12 

17.0 

18.3 

11.7 

15.7 

Total    or 
average. 

5 

14.1 

14.4 

11.6 

13.4 

3 

1 
1 

16.0 
18.3 
11.3 

21.3 
23.5 
8.2 

1L4 
9.0 
7.8 

1&2 

Peas 

Sweet  clover 

Total    or 
average. 

Summer  tilled... 

Ayerageofall32 
plats 

1&9 
0.1 

Spring  plowed: 

Com 

Oats 

Wheat 

1 
1 
1 

13.0 
8.3 
14.3 

26.3 
16.5 
13.8 

10.3 
10.8 
10.0 

16.5 
1L9 
12.7 

4 

15.4 

18.6 

9.9 

li6 

Total     or 
average. 

3 

11.9 

18.9 

10.4 

13.7 

8 

19.9 

29.6 

11.8 

30.4 

16.6 

20.6 

1L4 

1&2 

SuMUART  or  Yields  and 

Digest  or  (Tost. 

Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average 
per  acre). 

FaU 
plowed 
(5  plats). 

Spring 
plowed 
(5  plats). 

Disked 

(12 
plats). 

Green 
manured 
(4  plats). 

Summer 

tilled 
(8  plats). 

Cora 
plats). 

Small 

grain 

(5  plats). 

Pota- 
toes 
(IpJat). 

Yields  of  grain: 

1912 bushels.. 

1913 do.... 

1914 do.... 

14.1 
14.4 
11.6 

11.9 
18.9 
10.4 

17.0 
18.3 
11.7 

15.4 
18.6 
9.9 

19.9 
29.6 
11.8 

16.3 
18.6 
11.6 

14.0 
13.3 
11.0 

1L7 
16.T 

a; 

Average 

13.4 

13.7 

15.7 

14.6 

20.4 

15.6 

12.8 

13.4 

Crop  value,  cost  of  produc- 
tion, etc.: 
Value       .  . 

19.38 
6.56 

10.50 
6.09 

$10.99 
4.75 

S10.22 
14.61 

S14.28 
11.50 

Cost 



Profit  or  loss 

2.82 

3.50 

6.24 

-4.39 

2.78 

The  residts  of  three  years  at  this  station  are  available  for  study. 
The  most  striking  things  shown  by  the  arrangement  of  yields  for  the 
present  study  are  the  increased  production  of  wheat  on  simimer 
tillage,  on  rye  and  peas  as  green  manure,  and  on  com  groimd  either 
disked  or  plowed  in  the  spring.  When  yields  are  studied  in  connec- 
tion with  cost  of  production,  it  is  seen  that,  owing  to  good  yield  and 
cheap  cost  of  preparation,  the  greatest  profit,  $6.24  per  acre,  has 
been  obtained  from  wheat  on  disked  groimd.     Of  the  disked  plats, 
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1 1  were  com  ground  and  1  was  potato  ground.  Spring  plowing  has 
been  productive  of  an  average  profit  of  $3.50  and  fall  plowing  of 
$2.82.  Despite  the  increased  yield  on  summer  tillage,  the  high  cost 
of  the  method  has  reduced  the  profits  from  it  to  $2.78  per  acre.  The 
still  higher  cost  of  preparation  and  the  lower  yields  from  green 
manuring  have  contributed  to  make  it  show  a  loss  of  $4.39  per  acre. 

BELLE  FOURCHE  FIELD  STATION. 

The  field-station  farm  near  Newell,  S.  Dak.,  on  the  Belle  Fourche 
Reclamation  Project,  is  located  on  a  heavy  gumbo  clay  soil,  which 
is  derived  from  the  decomposition  of  Pierre  shale.  From  the  soil  at 
the  surface  there  is  a  rapid  change  to  broken  but  imdecomposed 
shale.  Near  the  bottom  of  the  second  foot  is  a  comparatively  im- 
pervious layer  of  soil.  The  first  foot  and  at  least  a  part  of  the 
second  foot  carry  a  large  proportion  of  available  water.  It  is  prob- 
able that  little  use  is  made  of  either  water  or  soil  below  the  first  2  • 
feet.  In  spite  of  the  heavy  soil  and  the  large  quantity  of  water 
that  can  be  obtained  by  the  plant  from  that  portion  of  it  near  the 
surface,  the  shallowness  of  feeding  reduces  the  quantity  of  water 
that  can  be  carried  in  the  soil  to  about  one-half  of  that  available  on 
deeper  soils.     The  result  of  this  is  shown  in  the  yields. 

While  the  results  of  six  years  are  available  from  this  station,  two 
of  them  have  been  years  of  total  failure  of  the  wheat  crop.  These 
failures  were  due  to  drought  so  extreme  that  no  methods  of  culture 
were  able  to  overcome  it.  A  third  year  produced  some  light  yields, 
but  the  crop  was  practically  a  failure  for  all  methods.  These  three 
dry  years  in  succession  afforded  no  opportunity  to  profit  from 
methods  calculated  to  store  moisture.  The  rainfall  was  so  light  and 
its  distribution  so  imfavorable  as  to  make  the  accmnulation  of 
water  in  the  soil  impossible.  In  two  other  years  there  was  production 
from  all  methods,  but  the  yields  were  light.  In  only  the  first  year  of 
the  series  under  consideration  was  the  general  production  heavy. 

Neither  in  the  average  of  the  series  nor  in  any  of  the  years  within 
the  series  has  there  been  evidenced  sufficient  difference  in  production 
to  warrant  an  extended  discussion  of  the  relative  merits  of  the 
methods  under  trial.  The  only  partial  exception  to  this  statement 
is  to  be  f oimd  in  the  advantage  of  summer  tillage  over  other  methods 
in  resisting  the  dry  seasons  of  1913  and  1914.  However,  in  1913  it 
was  able  to  produce  only  15.6  bushels  per  acre,  as  against  an  average 
of  8.7  bushels  on  fall-plowed  land  that  had  been  in  crop  the  year 
before.  In  1914  it  produced  an  average  of  16.1  bushels  per  acre, 
while  the  production  on  disked  com  land  was  10  bushels  and  on  fall- 
plowed  ground  only  5.8  bushels  per  acre.  In  1912  all  the  available 
water  in  the  soil  was  used,  but  in  no  case  was  it  sufficient  to  make  a 
crop. 
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Table  XI. —  Yields  and  cost  of  production  of  spring  wheat  by  diferent  methods  at 
Belle  Fourche  Field  Station^  1909  to  1914,  inclrisive. 


Treatment  and  previous  crop. 

Ninnber 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1909 

1910 

1911 

1912 

1913 

1914 

Ava 

FaUDlowed: 

Corn 

23.6 
31.5 
23.3 

0 
0 
0 

0 
0 
0 

0 
0 
0 

7.3 
9.8 
7.9 

6.3 
6.1 
4.8 

Oats 

Wheat 

27.5 

8.7 

5.8 

3.0 
2.4 
2.8 

0 

0 
0 
0 

Spring  plowed: 

CcMm 

23.9 
26.1 
23.8 

5.6 
7.9 
6.2 

4.5 
6.0 
4.0 

Oats 

Wheat 

Total  or  average 

24.6 

2.7 

6.6 

4.8 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

Listed:  Wheat 

28.7 
28.5 

0 
0 

3.8 
1.7 
.3 

9.5 
6.8 

6.8 
4.7 

Subsoiled:  Wheat 

Disked: 

Com  

10 

29.8 
27.5 
20.8 

10.3 
12.3 
9.4 

lao 

11.8 
9.0 

Potatoes 

Sorghum  ......,T.....,.r.^rT 

12 

28.9 

3.3 

10.4 

10.0 

0 
0 
0 

0 
0 
0 

Rye 

2 

30.6 
29.9 
24.5 

5.7 
1.3 
0 

13.4 
13.5 
12.0 

13.8 
11.3 
13.9 

Peas 

Sweet  clover 

Total  or  average.  .* 

4 

27.4 

1.8 

12.7 
15.6 

13.2 
16.1 

0 

0 

_____ 

Summer  tilled 

5 

32.7 

4.3 

Average  of  all  30  plats 

28.7 

2.5 

10.8 

10.1 

Summary  op  Yields  and  Diobst  of  Cost. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc. 
(average  per  aate). 

Fall 
plowed 

(4 
plats). 

piowS 

(3 
plats). 

Disked 

(12 
plats). 

Listed 
(iplat). 

Sub- 
soOed 

(1 
plat). 

Green 
ma- 
nured 

(4 
plats). 

Sum- 
mer 
tUled 

(6 
plats). 

Com 

(12 

plate). 

SmaU 
Plata). 

Pota- 
toes 

E 

Yields  of  grab: 
1909...  bushels. 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

27.5 
0 
0 
0 

8.7 
5.8 

24.6 
2.7 
0 
0 

6.6 
4.8 

28.9 
3.3 
0 
0 

10.4 
10.0 

28.7 
0 
0 
0 

9.5 
6.8 

28.5 
0 

0 
0 

6.8 
4.7 

27.4 
1.8 
0 
0 

12.7 
13.2 

32.7 
4.3 
0 
0 

15.6 
16.1 

a29.3 
3.4 
0 
0 

9.7 
9.3 

27.6 
.7 
0 
0 

8.3 
5.5 

27.5 
L7 
0 
0 

12.3 
11.3 

7.0 

6.5 

8.8 

7.5 

6.7 

9.2 

11.5 

8.6 

7.0 

8.8 

Oop  vahie,  cost  of 

production,  etc.: 

Value.... 

$4.90 
6.56 

$4.55 
6.09 

$6.16 
4.75 

$5.25 
5.55 

$4.60 
7.17 

$6.44 
14.61 

$8.06 
11.50 

■ 

Cost 

Profit  or  loss  .  . 

-1.66 

-1.51 

1.41 

-  .30 

-2.48 

-7.17 

-3.45 

o  Average  of  11  plats. 


The  only  method  that  shows  a  profit  here  is  diskecl  com  grou] 
This,  on  account  of  the  low  cost  of  preparation,  shows  an  averj 
annual  profit  of  $1.41   per  acre.     All  other  methods  indicate 
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production  of  wheat  at  a  loss  ranging  from  30  cents  on  listed  land 
to  $7.17  an  acre  on  green  manure.  Generally  speaking,  the  more 
expensive  the  method  of  preparation  the  greater  the  yield.  But  the 
yields  did  not  increase  in  the  same  ratio  as  the  expense;  it  accord- 
ingly follows  that  the  less  the  expense  of  preparation  the  less  the  loss 
that  attended  the  use  of  any  method. 

SCOTTSBLDPF  FIELD  STATION. 

The  work  at  ScottsblufI,  Nebr.,  is  conducted  at  a  field  station 
located  on  the  North  Platte  Reclamation  Project.  The  soil  is  a  com- 
paratively light,  sandy  loam.  At  a  depth  varying  from  5  to  8  feet 
there  is  a  sharp  break  from  this  soil  to  either  sand  or  Brule  clay. 
Above  this  point  the  soil  offers  no  unusual  resistance  to  the  downward 
passage  of  water  or  the  development  of  roots.  Owhig  to  its  light 
character,  however,  it  is  possible  to  store  in  it  only  a  moderate  pro- 
portion of  available  water.  While  the  evidence  on  this  point  is  not 
yet  complete,  the  amount  of  water  that  can  be  stored  in  this  soil  is 
known  to  be  somewhat  intermediate  between  the  corresponding 
amounts  that  can  be  stored  in  the  Belle  Fourche  and  North  Platte 
soils. 

The  results  of  three  years  are  available  for  study  at  this  station. 
All  have  been  years  of  comparatively  hght  yields,  but  one  of  them 
shows  heavy  production  from  one  method. 

Spring  plowing  has  been  generally  better  than  fall,  irrespective  of 
whether  it  were  wheat,  oat,  or  com  stubble  that  was  plowed.  Marked 
benefit  was  apparently  derived  one  year  from  the  use  of  manure  in 
growing  the  com  that  preceded  one  plat  of  wheat. 

Furrowing  with  a  lister  and  leaving  the  ground  rough  through  the 
winter  instead  of  plowing  was  apparently  beneficial  one  year,  but  of 
neutral  value  in  the  others. 

Disked  com  ground  was  the  second  best  method  in  one  year,  but  it 
seemed  to  be  of  little  benefit  in  increasing  production  in  the  other 
two  years.  Disked  com  ground  has  each  year  given  larger  retimis 
of  wheat  than  were  obtained  by  plowing  it  either  in  spring  or  fall. 

The  results  from  green  manure  are  not  consistent  either  among 
themselves  or  in  comparison  with  other  methods.  In  average  pro- 
duction it  stands  third  on  the  list,  being  exceeded  by  summer  tillage 
and  disked  com  groimd. 

The  highest  yields  each  year  have  been  obtained  from  summer 
tillage.  This  method  has  an  average  yield  of  19.9  bushels  per  acre 
as  against  14  bushels,  the  next  highest  average,  from  disked  com 
ground* 
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LE  XII. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods 
ScotUbluff  Field  Station,  1912,  1913,  and  1914. 


itment  and 
riouscrop. 

Num- 
ber of 
plate 
aver- 
aged. 

Yield  per  acre  (bushels). 

1 

Treatment  and 
previous  crop. 

Num- 
ber of 
plate 
aver- 
aged. 

Yidd  per  acre  (ba 

1912 

1913 

1914 

Aver- 
age. 

1912 

1913 

1914 

slowed: 

om 

[anured 

corn 

>ate 

Hieat 

1 

1 
2 

1 

11.6 

20.8 
7.7 
6.3 

8.0 

9.8 
9.0 

7.8 

9.5 

9.5 
10.3 
6.7 

9.7 

13.4 
9.0 
6.9 

Listed: 

Wheat 

SubsoOed: 

Wheat 

Disked: 

Com 

Green  manured: 
Rye 

11 

15.0 
12.3 
19.1 

7.2 

6.3 

11.8 

6.0 
9.5 
11.1 

Total  or 
average. 

5 

10.8 

8.7 

9.3 

9.6 

15.0 
11.7 

13.0 
14.2 

13.6 

Peas 

Totalor 
average. 

Summer  tilled.. 

Average  of  all  27 
plate 

12.0 

g  plowed: 

orn 

►ate 

orghum. . . . 
iTheat 

1 
1 
1 
1 

17.3 
11.7 
18.7 
8.7 

11.3 
9.5 
11.2 
12.0 

11.0 
12.0 
9.0 
5.7 

13.2 
11.1 
13.0 

8.8 

2 

13.4 

13.6 

12.8 

3 

27.8 

18.1 

13.8 

Totalor 
average. 

4 

14.1 

n.o 

9.4 

11.5 

27 

17.0 

11.6 

10.7 

SUMMABY  OF  YIELDS  AND  DiOEST  OF  COST. 


Tillage  treatment. 

Previous  crc 

Ids,  values, 
[average  per 
acre). 

FaU 
plowed 
(5  plate). 

(4  plate). 

Disked 

(11 
plate). 

Listed 
(1  plat). 

Sub- 
soiled 
(Iplat). 

Green 
manured 
(2  plate). 

Sum- 
mer 
tUled 
(3  plate). 

Com 

(14 

plate). 

Small 

grain 

(7  plate). 

s  of  grain: 
)12..bush... 
>13...do.... 
)14...do.... 

10.8 
8.7 
9.3 

14.1 
11.0 
9.4 

19.1 
11.8 
11.1 

15.0 
7.2 
6.0 

12.3 
6.3 
9.5 

13.4 
13.6 
12.8 

27.8 
18.1 
13.8 

18.6 
11.4 
10.9 

9.9 
8.3 
8.6 

Average.... 

9.6 

11.5 

14.0 

9.4 

9.4 

13.3 

19.9 

13.6 

8.9 

value,  cost 
production, 

alue 

16.72 
6.56 

$8.05 
0.09 

$9.80 
4.75 

$6.58 
5.55 

$6.58 
7.17 

$9.31 
14.61 

$13.93 
U.50 

ost 

::::::::: 

fit  or  loss . . . 

.16 

L96 

5.05 

1.03 

-  .59 

-  5.30 

2.43 

[aving  next  to  the  highest  yield  and  the  lowest  cost  of  prepare 
:ed  com  ground  shows  the  greatest  profit,  $5.05  per  acre.     ( 
hods  that  show  profits  are  spring  plowing,  summer  tillage,  lis 
fall  plowing.     Subsoiling  and  green  manure  show  losses. 

NORTH  PLATTE  FIELD  STATION. 

he  work  here  presented  was  conducted  on  the  table-land  o 
th  Platte,  Nebr.,  station.  The  soil  is  of  the  type  generally  la 
oess.  With  the  exception  of  the  humus  accumulated  nea: 
ace  it  is  practically  uniform  to  great  depths.  The  storage  an 
rater  is  not  limited  by  the  depth  of  soil  or  any  peculiarities 
development  of  roots  is  limited  only  by  the  physiological  char 
he  crops  grown  and  the  available  moisture.  It  is  a  soil  on  v 
dmum  results  from  tillage  methods  would  be  expected. 
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Table  XIII. —  Yields  and  cost  ofvroduction  of  spring  wheat  by  different  methods  at  the 
North  PlaUe  Field  Station,  1907  to  1914y  inclusive. 


Treatment  and  previous 

Number 
of  plats 
averaged. 

Yield  per  acre 

(bushels). 

crop. 

1907 

1908 

1909 

IPIO 

1911 

1912 

1913 

1914 

Average. 

FallploTved: 

C  om    

2 
2 

1 

22.5 
26.3 
26.0 

28.7 
27.3 
27.3 

21.8 
16.0 
15.3 

7.6 
6.8 
6.7 

0 
0 
0 

6.4 
4.7 
11.2 

41 
L3 
1.8 

5.5 
6.1 
6.2 

12.0 
11.1 
11.7 

Oats 

Wlieit 

Total  or  average... 

5 

24.7 

27.8 

18.0 

7.1 

6.7 

2.5 

6.7 

11.6 

Bpring  plowed: 

Com 

1 

1 
1 
1 

23.7 
2a8 
24.5 
23.5 

24.0 
17.6 
22.7 
2a3 

17.2 
16.7 
23.0 
16.3 

5.2 

8.7 
6.8 
8.7 

0 
0 
0 
0 

6.3 
8.8 
12.8 
3.8 

1.5 
1.8 
2.0 
3.3 

6.0 
2.2 
6.0 
5.2 

ia2 

9.6 
12.2 

lai 

Oats 

Wheat 

Sorghum - . .  -  - 

Total  or  average. . . 

4 

23.1 

21.1 

13.3 

7.4 

7.7 

2.2 

4.6 

ia6 

Disked: 

Com 

8 

1 

24.6 

24.2 

14.5 

7.3 

0 

4.6 
5.2 

3.0 
4.2 

6.1 
6.9 

ia4 

5.4 

Potatoes      

Total  or  average... 

9 

a  24. 5 

a24.2 

a  14. 5 

a7.3 

a4.6 

— • : 

7.1 

3.1 
6.8 

6.3 
12.6 

10.5 

Summer  tilled 

3 

28.9 

41.4 

22.6 

15.3 

0 

16.8 

A  verage  of  all  19  plats , . . 

24.7 

26.3 

17.1 

8.7 

66.4 

«3.2 

6.3 

11.6 

Summary  of  Yields  and  Digest  or  Cost. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average  per 
acre). 

FaU 
plowed 
(5  plats). 

Spring 
plowed 
(4  plats). 

Disked 
(8  plats). 

Summer 

tilled 
(3  plats). 

Cora 
(11  plats). 

Small 

gr^bi 

(5  plats). 

Sorghum 
(1  pV). 

Yields  of  grain: 

1907 bushels.. 

1903 do.... 

1909 do.... 

1910 do.... 

1911 do.... 

1913 do.... 

1913 do.... 

1914 do.... 

24.7 
27.8 
18.0 
7.1 
0 

6.7 
Z5 
6.7 

23.1 
21.1 
18.3 
7.4 
0 

7.7 
2.2 
4.6 

24.5 
24.2 
14.5 
7.3 
0 

4.6 
3.0 
5.1 

28.9 
41.4 
22.6 
15.3 
0 

7.1 
6.8 
12.5 

24.1 
25.0 
16.0 
7.1 
0 

5.0 
3.0 
6.2 

24.8 
24.4 
17.4 
7.2 
0 

8.4 
1.6 
5.1 

23.5 
2a3 
16.3 
8.7 
0 

5.8 
3.3 
5.2 

Average do.... 

11.6 

lae 

ia4 

16.8 

10.7 

11.1 

10.1 

Crop  vahie,  cost  of  production. 
Value 

18.12 
6.56 

S7.42 
6.09 

$7.28 
4.75 

Sll.  76 
11.50 

Cost 

Profit 

L56 

1.33 

2.53 

.26 

a  Average  of  8  plats. 


b  Average  of  22  plats. 


c  Average  of  23  plats. 


Some  of  the  results  of  the  work  of  eight  years  are  exhibited  in 
Table  XIII.  Three  of  these  years  have  been  productive  of  good  to 
heavy  crops  of  wheat;  in  four  years  the  average  yields  were  light; 
and  in  the  remaining  year  imder  study  the  crop  was  a  total  failure 
on  account  of  drought,  together  with  some  damage  from  grass- 
hoppers. The  general  averages  of  spring-wheat  yields  for  the  eight 
years  range  from  9.6  to  16.8  bushels  per  acre,  according  to  the  prepa- 
ration and  previous  cropping  of  the  land.     A  comparison  of  the 
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wrheat  crops  raised  on  com  ground,  oat  stubble,  and  wheat  stubl 
mth  those  on  spring-plowed  or  fall-plowed  ground  after  any  crop, 
)n  disked-com  ground  as  a  preparation  for  wheat;  shows  no  vn 
iifferences  in  yields.  A  small  average  difference  in  favor  of  f 
)ver  spring  plowing  is  shown.  Fall  plowing  of  com  ground  in  prej 
-ation  for  wheat  appears  from  the  returns  of  two  plats  so  treated 
lave  been  considerably  better  than  either  disking  or  spring  plo 
ng  it. 

The  one  plat  of  wheat  on  spring  plowing  following  wheat  has  gi^ 
m  average  yield  of  12.2  bushels  per  acre.  This  plat  is  plowed  sh 
ow  while  the  others  are  plowed  deep,  as  heretofore  explained.  1 
leparture  of  this  method  from  the  others  in  yield  appears  to  ha 
3een  dependent  upon  the  seasons  and  is  not  consistent  from  year 
p'ear. 

Summer  tillage  for  wheat  at  this  station  seems  to  stand  by  its 
IS  a  means  of  increasing  the  yield.  The  largest  increases  in  bush 
Tom  this  method  have  been  obtained  in  the  best  years.  After  t 
irst  year  of  a  period  of  dry  years,  which  began  in  1910,  summer  tilla 
las  not  been  able,  except  in  1914,  to  increase  yields  or  even,  in  soi 
;ases,  to  maintain  them  at  the  standard  set  by  less  expensive  metho( 
tVhile  it  is  not  shown  in  the  present  study,  a  much  greater  respoi 
X)  summer  tillage  is  obtained  with  winter  wheat.*  Consequent 
n  spite  of  the  fact  that  this  method  has  been  productive  on  t 
iverage  of  more  bushels  per  acre  of  spring  wheat  than  any  other, 
vill  not  find  favor  in  farm  management  as  a  general  practice  for  t 
rrowth  of  spring  wheat. 

When  the  cost  of  production  is  considered,  it  is  seen  that  the  yi< 
)btained  by  summer  tillage  has  been  enough  to  pay  for  the  cost 
ihe  method.  For  the  eight  years  imder  study  it  shows  an  avers 
profit  of  26  cents  per  acre.  Fall  plowing  and  spring  plowing  sh* 
profits  of  only  $1.56  and  $1.33  per  acre  for  the  same  period.  The  1 
5ost  of  preparation  is  responsible  for  making  disked  com  groxmd  sb 
m  average  annual  profit  of  $2.53. 

While  the  spring  wheat  crop  has  been  raised  without  much  i 
)rofit,  it  seems  that  it  might  afford  a  market  for  the  labor  of  m 
uid  teams  and  pay  for  the  use  of  the  land. 

AKRON  FIELD  STATION. 

The  soil  at  the  field  station  at  Akron,  Colo.,  is  of  a  clay-loam  ty] 
ocally  known  as  'Hight  land.^'  It  is  characterized  in  the  nati 
f^egetation  by  a  growth  of  short  grass.  As  it  carries  in  each  unit  s< 
iion  a  considerable  proportion  of  water  available  to  the  crop  and 
t  offers  no  physical  resistance  to  the  development  of  roots,  it  is  pi 
iible  to  store  in  it  a  large  quantity  of  water  available  to  a  crop. 

1  See  Nebraska  Experiment  Station  Bulletin  135. 
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is  a  soil  on  which  maximum  results  from  methods  of  tillage  calculated 
to  store  water  would  be  expected. 

Table  XIV. —  Yields  and  coat  of  production  of  spring  wheat  by  different  methods  at  the 
Akron  Field  Station,  1909  to  1914,  inclusive. 


Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

Treatment  and  previous  crop. 

1900 

1910 

1911 

1912 

1913 

1914 

Average. 

FallDlowlng: 

Com 

1 

3 

02 

19.2 
10.3 
10.3 

U.2 

6.8 
6.2 

3.4 
3.7 
2.1 

30.3 
18.8 
17.6 

1.4 
.6 

.7 

14.3 
13.6 
11.0 

13.3 

Oats 

Wheat 

8.8 
8.0 

Total  or  average 

5 

12.1 

6.9 

3.1 

20.6 

.8 

12.8 

9.4 

Spring  plowing: 

Corn 

1 

1 

62 

20.8 
14.3 
12.2 

16.3 
6.3 
8.9 

1.3 

.2 

2.9 

26.5 
20.3 
21.3 

6.8 
1.0 

4.8 

18.5 
21.2 
22.2 

14.9 

Oats 

10.6 

Wheat 

12.1 

Total  or  average 

4 

14.9 

10.0 

1.5 

22.7 

4.2 

20.6 

12.3 

Listed:  Wheat 

1 
1 
4 

9.6 
11.2 
16.6 

7.1 
5.5 
11.4 

1.2 
1.5 
1.7 

17.2 
10.0 
19.0 

2.1 

.5 

2.8 

14.2 
9.8 
16.7 

8.6 

Subsoiled:  Wheat 

7.4 

Disked:  Com 

11.2 

Oreen  manured: 

Rye 

1 
1 
1 

14.7 
12.0 
10.1 

11.7 
12.4 
3.8 

3.7 
1.7 
1.7 

19.2 
20.3 
20.5 

1.5 
1.5 
3.9 

15.3 
13.3 
11.2 

11.0 

Peas 

10.2 

Sweet  clover 

8.5 

Total  or  av*^rag»^ 

3 

12.3 

9.3 

2.4 

20.0 

2.3 

13.3 

9.9 

BnmmAr  tilled . . r 

2 

18.4 

12.2 

4.8 

20.5 

9.0 

22.5 

14.6 

A-onrAon  nf  All  7fi  nlnt.<« 

13.8 

9.2 

2.5 

20.X) 

2.9 

10.5 

10.8 

Summary  op  Yields  and  Digest  of  Cost. 


«  TUlago  treatment. 

Previous  crop. 

YWds,  Values,  etc.  (average 
per  acre). 

FaU 
plowed 

(5 
plats). 

Spring 
plowed 

(4 
plats). 

Disked 

(4 
plats). 

Listed 

(1 
plat). 

ffub- 
sofled 

(1 
plat). 

Green 
ma- 
nured 

plats). 

Sum- 
mer 
tilled 

plats). 

Com 

(6 
plats). 

Small 
grain 

(0 
plats). 

Yields  of  grain: 

1909 bushels.. 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

12.1 
6.9 
3.1 

20.6 
.8 

12.8 

14.9 
10.0 

1.5 
22.7 

4.2 
20.6 

15.5 
11.4 

1.7 
19.0 

2.8 
16.7 

9.6 
7.1 
1.2 

17.2 
2.1 

14.2 

11.2 
5.5 
1.5 

16.0 

.5 

9.8 

12.3 
9.3 
2.4 

20.0 
2.3 

13.3 

18.4 
12.2 

4.8 
20.5 

9.0 
22.5 

17.0 
12.0 

1.9 
22.1 

3.2 
16.6 

n.2 

6.7 
2.3 

18.6 
1.3 

14.6 

Average 

9.4 

12.3 

11.2 

8.6 

7.4 

9.9 

14.6 

12.1 

9.1 

Crop  value,  cost  of  produc- 
tion, etc.: 
Value        

16.58 
6.56 

$8.61 
6.09 

f7.84 

4.75 

16.02 
5.55 

$5.18 
7.17 

$6.93 
14.61 

$10.22 
11.50 

Cost 

Profit  or  loss 

.02 

2.52 

3.09 

.47 

-1.99 

-  7.C8 

-  1.28 

o  Only  1  plat  up  to  1911. 


b  Only  1  plat  after  1910. 


The  results  of  six  years  are  available  for  study  at  this  station. 
Three  years  have  been  years  of  good  yields,  one  of  light  yield,  and  the 
other  two  of  poor  yields. 
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The  best  average  yield  for  the  six  years  from  any  one  method 
treatment  is  14.9  bushels  per  acre  from  com  gromid  plowed  in  t 
spring  before  seeding  to  wheat.  This  is  dosely  approached  by  siu 
mer  tillage,  with  an  average  yield  of  14.6  bushels  per  acre.  The  ne 
highest  yield,  13.3  bushels  per  acre,  has  been  from  com  ground  plow 
in  the  fall  before  seeding  to  wheat. 

Disked  corn  ground  has  yielded  an  average  of  11.2  bushels  per  aa 
This  yield  is  exceeded  by  nine-tenths  of  a  bushel  per  acre  by  whc 
following  wheat  on  spring  plowing. 

Spring  plowing  has  been  productive  of  markedly  heavier  crops  th; 
fall  plowing,  irrespective  of  whether  it  was  com,  wheat,  or  oat  stubl 
that  was  plowed. 

Furrowing  with  a  lister  and  leaving  the  ground  rough  through  t 
winter  has  given  results  practically  the  same  as  fall  plowing  simil 
stubble. 

Subsoiling  has  been  done  at  the  expense  of  a  decrease  in  the  yiel 
every  year  except  the  first,  when  its  increase  over  similar  stubl 
plowed  at  the  same  time  was  only  0.9  bushel  per  acre. 

Green  manuring  has  given  about  the  same  yields  as  land  fro 
which  a  crop  was  harvested.  Of  the  different  crops  used  for  gre^ 
manure  rye  has  been  the  best  and  sweet  clover  the  poorest,  as  judg( 
by  the  yields  obtained  immediately  following  them. 

When  the  cost  of  production  is  considered  in  connection  with  t^ 
yields  obtained  from  different  methods,  the  arrangement  as  present 
shows  a  profit  of  $3.09  per  acre  from  disked  com  groimd  and  $2.. 
from  spring  plowing.  Fall  plowing  and  listed  land  both  show  mere 
nominal  profits  of  a  few  cents  per  acre.  Subsoiling  and  smmn 
tillage  show  losses  of  $1.99  and  $1.28,  respectively.  The  high  co 
of  green  manure  has  increased  the  loss  from  it  to  $7.68  per  acre, 
more  detailed  presentation  would  show  that  the  greater  part  of  tJ 
profit  from  both  spring  and  fall  plowing  was  from  com  ground. 

HAYS  FIELD  STATION. 

The  soil  on  which  the  experimental  work  has  been  conducted 
Hays,  Kans.,  is  a  heavy  silt  loam.  Penetration  of  water  to  the  low 
depths  is  slow.  The  very  compact  zone  in  the  third  foot  offe 
marked  resistance  both  to  the  downward  passage  of  water  and  to  tl 
development  of  roots.  While  the  evidence  is  not  as  complete  i 
might  be  desired,  it  appears  that  the  proportion  of  water  that  can  1 
stored  in  the  soil  is  comparatively  high. 

The  results  of  five  years  are  available  from  the  Hays  station,  tl 
crop  of  1909  having  been  lost  through  a  hail  storm  that  destroyed 
before  maturity.     Only  two  years  have  been  productive  of  fair  crop 
The  year  1914  has  not  been  considered  in  computing  averages.     L 
dications  are  that  \mder  ordinary  farm  conditions  yields  might  hai 
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been  fair,  but  soil  blowing  on  the  experimental  plats  delayed  seeding 
until  it  was  so  late  that  the  crop  did  not  produce  grain. 

Table  ^CV. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Hays  Field  Station,  1908  to  1914y  inclusive. 


Number 
of  plats 
averaged. 

Yield  per  acre » (bushels). 

1906 

1909 

1910 

1911 

1912 

1913 

1914 

Average. 

FaUplowed: 

Com 

1 
3 

1 

3.9 
4.7 
4.6 

H 
H 

H 
H 
fl 

H 
H 
H 
H 

11.8 
12.7 
9.6 

0 
0 
0 

14.6 
16.4 
16.2 

2.1 
1.8 
.6 

6  5 

Oats 

6.9 

Wheat 

6.0 

Total  or  average 

6 

4.5 

11.9 

16.2 

1.6 

6.6 

Spring  plowed: 

Com 

1 

1 
1 

1.5 
2.2 
1.2 

ia3 

11.6 
7.6 

0 
0 
0 

8.4 
12.8 
11.6 

1.8 
1.8 
1.0 

4.4 

Oats 

6.7 

Wheat 

4.3 

Total  or  average 

3 

1.6 

9.8 

10.9 

1.6 

4.8 

Listed:  Wheat 

1 
1 
1 
2 

6.2 
6.2 
3.7 
4.2 

16.0 
12.6 

ia6 

11.3 

0 
0 
0 
2.2 

1L8 
12.7 
16.2 
16.2 

1.6 
1.3 
4.3 
7.3 

6.7 

Snbsofled:  Wheat 

6.4 

Disked:  Com 

7.0 

PiimmeT  tlJM      ... 

8.0 

Average  of  all  13  plats 

3.8 

11.5 

.3 

13.8 

2.6 

6.4 

SinfMART  OP  Yields  and  Diqest  or  Cost. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average 
per  acre). 

FaU 
plowed 
(Splats). 

(3plats). 

Disked 
(iplal). 

Listed 
(iplat). 

Sub- 
soiled 
(1  plat). 

Summer 

tmed 
(2  plats). 

Com 
(3  plats). 

Small 

grain 

(8  plats). 

Yields  of  grain: 

1908 bushels.. 

1909 do.... 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do 

4.6 
H 
1L9 

0 
16.2 

L6 

1.6 
H 
9.8 
0 

ia9 

1.6 

3.7 
H 

ia6 

0 

16.2 
4.3 

&2 
H 
l&O 

0 
11.8 

1.6 

6.2 
H 
12.6 

0 
12.7 

L3 

4.2 
H 
1L3 

2.2 
16.2 

7.3 

3.0 
H 

ia9 

0 

13.1 
2.7 

4.0 
H 
11.8 
0 

13.8 
1.6 

Average 

6.6 

4.8 

7.0 

6.7 

6.4 

8.0 

&9 

6.2 

Crop  value,  cost  of  produo- 
Value.". 

K62 
6.66 

13.36 
6.09 

K90 
4.76 

K60 
6.65 

$4.48 
7.17 

16.60 
11.50 

Cost 

Profit  or  loss 

-1.94 

-2.73 

.16 

-  .86 

-2.69 

-  6.90 

1  Danger  of  soUblowh 
«  H— Destroyed  by  hi 


;  on  experimental  plats  in  1914  delayed  seeding  until  it  was  too  late  to  mature  grain 


The  yields  show  very  consistently  an  advantage  of  fall  plowing  over 
spring  plowing,  irrespective  of  the  kind  of  stubble  that  is  plowed. 
They  also  show  wheat  doing  better  after  oats  than  after  wheat, 
whether  the  stubble  is  plowed  in  the  fall  or  in  the  spring. 

Very  small  gains  have  attended  both  subsoiling  and  opening  over 
winter  with  a  lister  instead  of  plowing. 

Disking  com  ground  has  been  better  than  plowing  it. 

The  best  average  results  have  been  obtained  from  smnmer  tillage. 
The  gain  of  this  method  over  disked  corn  groimd,  the  next  highest 
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yielding  method,  has  been,  however,  only  1  bushel  per  acre.  In  c 
year  of  fair  production,  summer  tillage  for  wheat  was  done  at  1 
expense  of  a  distinct  loss  in  yield  as  compared  with  nearly  all  §i] 
methods. 

While  the  differences  noted  are  of  value  as  indicators,  the  yid 
are  all  so  light  and  the  average  difference  between  the  best  and  t 
poorest  method  so  small  as  to  make  them  perhaps  of  Uttle  pri 
tical  moment.  Considering  the  apparent  impossibility  of  materia 
increasing  yields  by  any  method  of  tillage  or  management  of  the  s 
and  considering  a  thing  not  shown  in  this  study — the  greater  adap 
tion  of  winter  wheat  as  shown  by  its  higher  and  more  certain  yie 
and  its  greater  response  to  tillage  operations — it  would  appear  tl 
spring  wheat  has  little  or  no  place  in  the  farm  economy  of  this  sectii 

The  only  method  under  trial  that  shows  any  profit  is  disked  cc 
ground.  In  spite  of  its  low  average  yield  the  cheapness  of  this  prej 
ration  leaves  it  with  the  nominal  profit  of  15  cents  per  acre.  T 
losses  by  other  methods  range  from  86  cents  for  listing  to  $5.90  i 
summer  tillage.  There  being  less  differences  in  yield  than  in  cosi 
production,  it  follows  that  the  least  loss  has  been  from  the  least  ( 
pensive  method. 

GARDEN  CFTY  FIELD  STATION. 

The  work  at  the  field  station  at  Garden  City,  Kans.,  is  on  a  hi 
upland.  The  soil  is  a  light  silt  loam.  With  the  exception  of  the  i 
cumulated  humus  near  the  surface  it  is  practically  uniform  to  a  dep 
of  at  least  15  feet.  The  development  of  roots  is  limited  only  by  t 
depth  to  which  water  is  available  and  the  physiological  character 
the  crop.  The  lighter  character  of  the  soil,  however,  makes  it  possil 
to  store  in  each  unit  of  it  but  a  comparatively  small  proportion 
water.  This  limited  storage  is  not  entirely  overcome  by  the  unli 
ited  depth  of  soil.  The  results  in  storing  water  have  been  det 
mined  largely  by  the  limited  quantity  of  water  available  for  stora^ 
In  no  year,  under  any  method  practiced,  has  the  soil  been  filled  w 
water  to  as  great  a  depth  as  it  is  possible  for  the  crop  to  develop  nx 
and  to  use  available  water. 

The  results  of  five  years  with  spring  wheat  are  available  from  ti 
station,  exclusive  of  1913  when  the  crop  was  destroyed  by  hail 
July  4.     In  1911,  which  is  included  in  the  averages,  the  crop  was 
total  failure  from  drought  so  extreme  that  it  was  not  overcome 
any  method  under  trial. 

The  yields  so  far  from  any  of  the  methods  under  trial  have  i 
been  sufficient  to  indicate  any  possibility  of  the  crop  being  a  proi 
able  one.  Neither  do  the  results  attending  any  of  the  metho 
which  cover  a  wide  range,  indicate  the  possibility  of  sufficien 
overcoming  conditions  by  cultural  methods  to  make  it  such.  1 
work,  however,  has  been  of  great  value  in  the  information  it  1 
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supplied  that  may  find  application  in  the  growth  of  other  crops 
better  adi^ted  to  conditions.  The  benefit  of  the  stored  moisture 
accumulated  in  the  soil  by  summer  tillage  or  other  methods  is 
usually  seen  in  the  increased  growth  of  straw,  but  never  has  it 
together  with  the  rainfall  been  sufficient  to  mature  the  crop  of  grain 
it  has  promised.  This  indicates  the  advisability  of  growing  feed 
crops  which  can  be  saved  and  utilized  even  though  they  do  not 
mature  grain. 

Table  XVI. —  Yielcb  and  cost  of  production  of  spring  wheat  by  different  methods  at  the 
Garden  dtp  Field  Station,  1909  to  1914,  inclusive. 


Number 
of  plats 
aver- 
aged. 

Yield  per  acre  (bushels). 

Treatment  and  previous  crop. 

1909 

1910 

1911 

1912 

1913 

1914 

Aver- 
aged. 

FaUDlowed: 

1 
3 
2 

2.2 
3.4 

9.2 
6.1 
6.0 

0 
0 
0 

7.3 
7.5 
3.9 

aH 
H 
H 

H 
H 
H 

H 
H 
H 

H 
H 

H 

6.7 
8.0 
3.9 

4.9 

Oats : 

4.4 

Wheat.. 

3.2 

Total  or  average 

6 

2.8 

6.8 

6.3 

5.9 

4.1 

Spring  plowed: 

Com 

1 
1 
1 

4.0 
2.6 
2.1 

3.5 
2.7 
2.5 

0 
0 
0 

8.2 

lao 

3.5 

1.6 

3.9 

Oats 

3.7 

Wheat 

1.9 

Total  or  average 

3 

2,9 

2.9 

7.2 

2.3 

3.1 

Listed 

1 
1 
2 

1 
1 

3.2 
2.9 
1.2 

1.4 
0.9 

6.7 
6.2 
6.2 

5.8 
4.8 

0 
0 
0 

0 
0 

11.0 
7.7 
10.0 

8.8 
7.5 

6.8 
5.3 
6.7 

6.1 

SubsoiVed . .  ^. 

4.2 

Disked:  Coi5l 

4.6 

Green  manured: 

Rye 

e4.0 

Pmw..  .    . 

C3.3 

Total  or  average 

2 

1.2 

5.3 

8.2 

{^) 

C3.7 

Bummer  tilled . , 

3 

5.6 

7.6 

0 

&8 

7.9 

6.0 

Average  of  all  18  plats 

2.8 

5.4 

7.8 

6.6 

4.8 

SUMMABT  OF  YIELDS  AND  DlQKST  OF  COST. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc. 
(average  per  acre). 

Fall 
plowed 
(ftplats). 

(Splats). 

Disked 
(2  plats). 

Listed 
(1  plat). 

Sub- 
soiled 
(iplat). 

Oreen 
manured 
(2  plats). 

Summer 

tilled 
(3  plats). 

Com 
(4  plats). 

Small 

grain 

(9  plats). 

Yields  of  grain: 

1909 bushs.. 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

2.3 
5.8 
0 

6.3 
H 
5.9 

2.9 
2.9 
0 

7.2 
H 
2.3 

1.2 

6.2 

0 

10.0 
H 

6.7 

3.2 

6.7 

0 

ILO 
H 

6.8 

2.9 
5.2 
0 

7.7 
H 
5.3 

1.2 
6.3 
0 

8.2 
H 

5.6 
7.6 
0 

8.8 
H 
7.9 

2.1 
5.8 
0 

8.9 
H 
6.2 

2.5 
4.6 
0 

6.9 
H 
4.9 

Average 

4.1 

3.1 

4.6 

6.1 

4.2 

8.7 

6.0 

4.6 

3.8 

Crop  value,  cost  of 
production,  etc.: 
Vahie.... 

12.87 
6.56 

$2.17 
6.09 

13.22 
4.76 

$8.57 
5.56 

$2.94 
7.17 

$2.50 
14.61 

$4.20 
11.50 

Cost 

Loss 

-3.69 

-3.92 

-1.63 

-1.98 

-4.23 

-12.02 

-7.30 

a  H—  Destroyed  by  hail. 


&  Crop  blown  out 


e  Average  of  4  years  only. 
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DALHART  FIELD  STATION. 

lie  soil  at  the  field  station  at  Dalhart,  Tex.,  is  a  sandy  1 
^ome  respects  it  behaves  like  sand.  In  other  respects  it  exl 
characteristics  of  heavy  clay  soil.  Its  water-holding  cap 
omparatively  limited.  The  crops  appear,  however,  to  be  at 
ize  its  water  to  the  depth  of  a  normal  development. 

LB  XVII. —  Yields  and  cost  of  production  of  spring  wheat  by  different  methods 
Dalhart  Field  Station,  1909  to  1914,  inclusive. 


Number 

ofplaU 

averaged. 

YMdpei 

acre  (bush^). 

IWO 

1010 

lOU 

1912 

1913 

1914 

A 

)low6d: 

orn 

0 
0 
4.0 

H 
H 

0 
0 
0 

H 
H 

0 
0 
0 

6.8 
9.0 
9.0 

lats 

Hieat 

Total  or  avcngs 

.8 

8.1 

H 
H 
H 

0 
0 
0 

H 
H 
H 

0 
0 
0 

K  plowed: 

torn 

0 
0 
0 

7.0 
""7*8' 

>ats 

Hieat 

Total  or  average 

7.4 

8.8 
0 

0 
0 

H 
H 

H 
H 

0 
0 

0 
0 

H 
H 

H 
H 

0 
0 

d:  Wheat 

12.9 
7.0 

id:  Com 

1  manured: 

lye 

1.1 
1.0 

>eas 

Total  or  avenun 

i 

1.1 

9.1 

H 

0 

H 

ner  tilled 

.7 

13.5 

ise  of  all  16  Dlats 

1.0 

.2 

9.5 

Summary  or  Yislds  and  Diobst  of  Cost. 


df ,  values,  etc.  (average 
per  acre). 


Fall 
plowed 
(5  plats). 


Tillage  treatment. 


Spring 
plowed 
(3  plats). 


Disked 
(3  plats). 


Listed 
(iplat). 


Green 
manured 
(2  plats). 


Summer 

tilled 
(2  plats). 


Com 

(6  plats). 


^  of  grain; 


W9..T 

...bushels.. 

910 

do.... 

911 

do.... 

912 

do.... 

913 

do.... 

914. 

do 

value,  cost 
a,  etc.: 
rahie 

of  produc- 

lost 

1.088 

a8 

H 

0 
H 
0 
R.1 


0 
H 

0 
H 

0 
7.4 


0 
H 

0 
H 

0 

7.0 


8.8 
H 

0 
H 

0 
12.9 


0 
H 

0 
H 

1.1 
a) 


9.1 
H 

0 
H 

.7 
13.5 


2.2 


1.9 


1.8 


5.4 


.3 


5.8 


$1.54 
6.56 


11.33 
6.09 


$1.28 
4.75 


S3. 78 
5.55 


10.21 
14.61 


84.06 
11.50 


-5.02 


-4.76 


-3.49 


-1.77 


-14.40 


-  7.44 


0 
H 

0 
H 

0 

6.8 


1.7 


iH-DestroyedbyhaO. 


s  Discontinued. 
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Methods  covering  a  wide  range  .have  been  under  trial  in  attempts 
to  grow  spring  wheat  each  year  since  the  station  was  started  in  1908. 
Practically  no  success  has  attended  these  efiForts.  The  crops  have 
been  lost  by  hail,  drought,  and  soil  blowing.  In  only  three  years  of 
the  six  have  any  yields  at  all  been  obtained.  In  1909,  9.1  bushels 
per  acre  were  obtained  from  sunmier  tillage  and  8.8  bushels  per  acre 
from  ground  furrowed  with  a  lister  in  the  fall.  In  1913  green  manures 
and  sxmmier  tillage  produced  yields  not  exceeding  1.1  bushels  per 
acre.  In  1914  yields  were  obtained  from  all  methods  except  on  those 
plats  which  were  exposed  to  blowing  from  adjoining  fields.  The 
highest  yield  of  spring  wheat  yet  obtained  on  the  station  was  13.5 
bushels  on  fallow  in  1914. 

While  feed  crops  and  late-planted  crops  have  been  grown  here 
with  success,  the  type  of  soil  represented  on  the  station  farm  is  not 
adapted  to  the  growth  of  small  grains  under  the  chmatic  conditions 
that  exist. 

AMARILLO  FIELD  STATION. 

The  soil  at  the  field  station  at  Amarillo,  Tex,,  is  a  heavy  day  silt. 
It  is  of  the  type  locally  known  as  *' tight  land"  or  *' short-grass  land.^' 
While  the  evidence  is  not  as  complete  as  could  be  desired,  it  appears 
that  the  storage  of  water  and  the  development  of  the  feeding  roots  of 
the  crop  are  interfered  with  by  a  comparatively  impervious  layer  of 
soil  in  the  third  foot.  The  soil  above  this,  however,  is  competent  to 
care  for  all  the  water  that  it  has  been  possible  to  store,  even  under  a 
system  of  alternate  cropping  and  summer  tiUage. 

The  results  of  six  years  are  available  from  this  station.  The  year 
1910  is  not  included;  owing  to  a  forced  necessity  for  changing  the 
location  of  the  farm,  the  crops  of  that  year  were  all  grown  on  land 
uniform  in  its  preparation. 

Following  com,  where  the  fall  plowing  is  necessarily  late,  spring 
plowing  has  averaged  better  than  fall  and  exactly  the  same  as  disked 
corn  groimd.  Following  both  wheat  and  oats,  fall  plowing  is  done 
early,  and  has  averaged  better  than  spring  plowing.  Furrowing 
with  a  lister  has  averaged  better  than  plowing.  Subsoiling  has 
resulted  in  exactly  the  same  yields  as  plowing  the  same  stubble  at 
the  same  time  without  subsoiling. 

Green  manuring  has  been  productive  of  practically  the  same  yields 
as  upon  land  from  which  a  grain  crop  was  harvested.  Sunmier  til- 
lage has  succeeded  in  raising  the  yields  in  a  marked  degree,  but  not 
enough  to  furnish  compensation  for  the  use  of  the  method  necessary 
to  obtain  them. 
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Table  XVIII. —  Yields  and  cost  of  production  of  spring  wheat  by  different  nu 
the  Amanllo  Field  Station,  1908  to  1914,  inclusive. 


Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1906 

1909 

•1910 

1911 

1912 

1918 

1914 

FaUDlowed: 

Com 

t 

2 

62 

&5 
13.5 
14.0 

0 
0 

2.8 

5.7 
6.3 
10.0 

1.3 
4.3 
&6 

0 

1.2 
L6 

1L7 
9.4 
11.9 

Oats 

Wheat 

Total  or  avorace 

6 

12.5 

.7 

7.1 

4.6 

1.1 

las 

Spring  plowBd: 

Ck>m 

1 

1 

cl 

8.0 
A.3 
16.2 

0 
0 
0 

11.6 
6.8 
9.4 

9.3 
6.2 
6.3 

.5 
.2 
0 

ia2 

3.3 
11.0 

Oats 

Wheat 

Total  or  average 

3 

11.4 

0 

9.3 

7.3 

.2 

8.2 

Listed:  Wheat 

1 
1 
1 

14.3 
10.2 

8.3 

0 

4.0 

0 



12.9 
11.3 
12.1 

4.7 
4.2 
6.3 

1.6 
.8 
1.0 

ILO 
12.3 
1L8 

Subsoiled:  Wheat 

Disked:  Com 

Green  manured: 

Rye 

1 
1 

14.2 
19.7 

4.8 
0 

7.6 
11.4 

9.2 

8.7 

2.3 
2.5 

U.7 

ia7 

Peas 

2 

17.0 

2.2 

9.6 

9.0 

2.4 

1L2 

Rninniertillml.. 

d6 

16.3 

10.0 

ia7 

9.8 

8.1 

12.7 

Average  of  all  19  plata 

13.8 

2.1 

las 

7.2 

3.3 

1L2 

SUMMABY  OF  YIELDS  AND  DiGBST  OF  GO8T. 


Tillage  treatment. 

Previoc 

Yields,  valwss.  etc. 
(average  per  acre). 

Fall 
plowed 
(Splats). 

(Splats). 

Disked 
(iplat). 

Listed 
(1  plat). 

Sub- 
soiled 
(Iplat). 

Oreen 
manured 
(2  plats). 

Sum- 
mer 
tilled 
(6  plats). 

Com 
(3ptots). 

Yields  of  grata: 
1903...  bushels.. 

1909 do.... 

1910O do.... 

12.5 
.7 

1L4 
0 

8.3 
0 

148 
0 

16.2 
40 

17.0 
2.2 

16w3 
10.0 

&3 
0 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

7.1 
46 
LI 
10.8 

9.3 

7.3 

.2 

8.2 

12.1 
6.3 
LO 

11.8 

12.9 
47 
L5 

ILO 

11.3 

42 

.8 

12.3 

9.5 
9.0 
2.4 
U.2 

18.7 
9.8 
8.1 

12.7 

9.8 

&6 

.5 

1L2 

Average 

Crop  value,  cost  of 
production,  etc.: 
Value 

6.2 

84.34 
6.66 

6.1 

84.27 
6.09 

6.6 

84.62 
4.75 

7.4 

85.18 
5.55 

8.1 

85.67 
7.17 

8.6 

86.02 
1461 

12.6 

= 

88.82 
11.60 

5.9 

Cost 

Loss 

-2.22 

-1.82 

-  .13 

-  .37 

-L50 

-  8.59 

-  2.68 

a  Location  of  station  changed  in  1910;  records  not  used, 
fr  One  plat  only  to  1912. 


c  Two  plats  averaged  to  1911. 

d  Only  two  plats  were  averaged  up  1 


None  of  the  methods  under  trial  show  the  production  of  i 
wheat  at  a  profit.  More  profitable  crops  are  produced  from  a 
of  crops  not  treated  in  this  publication — the  grain  sorghum 
appears  from  the  evidence  at  hand  that  the  spring-sown  small , 
are  not  destined  to  occupy  a  place  of  major  importance  in  th( 
culture  of  this  section. 
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GENERAL  DISCUSSION  OF  RESULTS. 

In  the  preceding  pages  data  have  been  presented  and  briefly  dis- 
cussed separately  for  each  station  without  reference  to  results  at 
other  stations.  In  the  following  pages  some  of  the  more  important 
bearings  and  indications  are  considered  from  a  more  general  stand- 
point. 

To  facilitate  this  study,  Table  XIX  has  been  compiled,  in  which 
are  brought  together  for  each  station  the  average  yields  as  grouped 
for  this  study  under  different  methods  of  preparation.  The  figures 
here  given  are  taken  from  the  last  column  of  the  tables  as  given  for 
each  station.  The  yield  and  cost  of  production  data  are  also 
assembled  in  such  a  way  as  to  show  the  profit  or  loss  in  dollars  and 
cents  per  acre  for  the  average  crop  for  each  method  for  which  it  has 
been  computed  at  each  station. 


Tablb  XIX.— Com; 
spring  wheats  by 


Tison  of  the  average  yields  and  profit  or  loss  on  the  production  of 
liferent  methods  of  tillage  at  14  stations  in  the  Great  Plains  area. 


Number 
of  years 
averaged. 

Methods  Of  tniage. 

Statement  of  data. 

FaU 
plowed. 

plowed. 

Listed. 

Sub- 
soUed. 

Disked. 

Green 
manured. 

Summer 
tflled. 

1 

2 

S 

4 

6 

• 

7 

8 

• 

Yields  per  aero  (bush- 
els):! 
Judith  Basin..... 
Huntley 

5 
2 

5 
6 
8 
3 
6 
3 
8 
6 
6 
5 
4 
6 

22.1 
20.0 
15.3 
20.1 
15.3 
13.4 
7.0 
9.6 
11.6 
9.4 
6.6 
4.1 
2.2 
6.2 

21.7 
19.5 
15.9 
19.8 
15.5 
13.7 
6.5 
11.5 
10.6 
12.3 
4.8 
3.1 
1.9 
6.1 

21.7 
18.0 

22.8 
16.0 

22.5 
22.4 
16.2 
23.3 
17.7 
15.7 
8.8 
14.0 
10.4 
11.2 
7.0 
4.6 
1.8 
6.6 

20.4 
22.3 
18.6 
22.2 
16.7 
14.6 
9.2 
13.3 

20.8 
25.9 

Williston 

20.2 

27.6 

Edgeloy 

17.9 

nettiMer 

BeUeFourche.... 

Scottsbluff 

North  Platte 

20.4 

7.5 
9.4 

6.7 
9.4 

11.5 
19.9 
16.8 

Akron 

8.6 
6.7 
5.1 
5.4 
7.4 

7.4 

6.4 
4.2 

9.9 

14.6 

Hays     

8.0 

Garden  City 

T>  Albert 

3.7 

.3 

8.6 

6.0 
6.8 

Amarfllo 

8.1 

12.6 

Averagei 

11.6 

11.6 

10.0 

10.1 

13.0 

13.3 

16.2 

5 
2 
5 
6 
8 
3 
6 
3 
8 
6 
5 

t 

6 

Profit  or  loss  (-)  per 
acre: 
Judith  BMln..... 
Huntley 

18.91 

7.44 

4.15 

7.51 

4.15 

2.82 

-1.66 

.16 

1.66 

.02 

-1.94 

-3.69 

-5.02 

-2.22 

10.10 
7.56 
6.04 

3.50 

-1.54 

1.96 

1.33 

2.52 

-2.73 

-3.90 

-4.76 

-1.82 

10.64 
7.05 

$8.79 
4.08 

$11.00 

10.93 

6.59 

11.56 

7.64 

6.24 

1.41 

5.05 

2.53 

3.09 

.15 

-1.53 

-3.49 

-  .13 

-$0.33 
1.00 

-  1.69 

.93 

-  2.92 

-  4.39 

-  7.17 

-  5.30 

$3.06 
6.63 

Williston. 

2.64 

Ptckinson 

7.75 

Ednley 

1.03 

HSffinMr:;:::::. 

Scottsbluff 

North  Platte. . 

2.78 

-  .30 
1.03 

-2.48 
-  .59 

-3.45 

2.43 

.26 

Akron 

.47 

-  .86 
-1.98 
-1.77 

-  .37 

-1.99 
-2.69 
-4.23 

-  7.68 

-1.28 

Hays. 

-5.90 

Garden  City 

Dalbart 

-12.02 
-14.40 

-  8.59 

-7.30 
-7.44 

Amarfllo. 

-1.50 

-2.68 

1  The  averages  of  columns  3, 4, 7,  and  0  are  strictly  comparable  with  each  other;  columns  6  and  6  approxi- 
mately so;  oommn  8  is  not  comparable  with  any  other. 
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•  ^  Table  XIX  shows  a  rather  natural  division  of  the  stations  in 

-  *  groups.    At  the  10  more  northern  stations  spring  wheat  ha 

grown  at  a  profit  by  at  least  one  method.  At  Belle  Fourche  tl 
profit  was  $1.41,  from  disked  corn  ground.  At  the  4  more  so 
stations  the  only  profit  realized  from  any  method  has  been  li 
an  acre  from  disked  com  ground  at  Hays. 

When  tests  on  fall-plowed  ground  following  com,  oats,  and 
are  averaged  together  and  compared  with  spring  plowing  fo] 
the  same  crops,  the  averages  of  the  two  methods  at  the  14  s 
are  the  same  for  the  years  averaged.  At  only  3  stations — 
bluff,  Akron,  and  Hays — are  the  average  differences  greater 
bushel  per  acre.  At  Hays  the  advantage  is  with  fall  plowi 
at  the  other  2  stations  with  spring  plowing.  At  most  stati< 
average  difference  is  too  low  to  receive  much  consideration 
advantage  of  one  over  the  other  depends  chiefly  upon  the  sea 
is  shown  in  the  detailed  tables.  The  data  indicate  the  imp< 
of  understanding  the  general  principles  that  govern  the  ol 
seasonal  variations  and  the  importance  of  adjusting  this  work 
general  economy  of  the  farm  organization.  This  subject  is  toe 
to  be  considered  here,  and  a  separate  publication  dealing  wit 
detail  is  in  preparation.  The  small  difference  in  cost  of  tl 
methods  makes  relative  profits  and  losses  from  them  follow 
the  differences  in  yields. 

Disked  corn  ground  has  given  consistently  high  yields, 
together  with  the  low  cost  of  this  preparation  for  wheat,  has  r 
in  its  uniform  showing  of  the  greatest  profit  per  acre  at  those  s 
where  it  has  boon  possible  to  raise  wheat  at  a  profit  and  the  lei 
at  those  stations  where  wheat  has  been  raised  only  at  a  loss 
only  exception  to  this  is  at  Dalhart,  Tex.,  where  yields  have  1 
low  as  to  be  of  little  practical  moment.  The  realization  oi 
profits  depends,  of  course,  upon  the  successful  growth  of  coi 
general  farm  crop  in  competition  with  other  crops. 

It  should  be  borne  in  mind  that  at  all  stations  disking  corn  i 
as  a  preparation  for  all  small  grain  crops  has  been  done  upc 
land  kept  free  from  weeds.  If  weeds  were  allowed  to  develop 
corn  similar  results  should  not  be  expected.  To  the  extei 
the  weeds  developed  or  were  unhindered  in  their  growth,  th 
ground  would  approach  a  grain  stubble  in  the  condition  of  tl 
bed.  If  the  weeds  matiired  seed,  further  damage  might  be  d 
their  growth  in  the  succeeding  crop.  Where  moisture  is  the  li 
factor,  weed  growth  is  decidedly  detrimental. 

Subsoiling,  as  compared  with  similar  wheat  stubble  fall  ] 
without  subsoiling,  has  been  of  doubtful  utility  as  a  means 
creasing  yields.  As  a  means  of  overcoming  drought  it  is  'v 
value.     Only  at  Judith  Basin  and  Scottsblxiff  has  it  been  i 


Digitized  by 


Google 


SPRING   WHEAT  IN   THE   GREAT  PLAINS  ARllA.  39 

account  for  an  increase  of  more  than  1  bushel  per  acre.  At  Judith 
Basin  the  increase  has  been  1.9  bushels  and  at  Scottsbluff  2.5 
bushels.  This  evidence  from  eight  stations,  some  of  which  have 
records  for  study  covering  eight  years,  together  with  the  evidence 
at  hand  but  not  here  reported  of  other  work  on  depth  of  plowing, 
which  includes  deep  tUling  and  dynamiting,  would  seem  to  be  con- 
clusive that  the  nature  of  the  Plains  and  the  trend  of  their  agriculture 
are  not  to  be  changed  by  the  simple  expedient  of  working  them  to  a 
greater  depth  than  is  reached  by  the  ordinary  plow  and  equipment. 

Listing  wheat  stubble  instead  of  plowing  it  in  the  fall  has  resulted 
in  a  small  increase  of  yield  at  seven  of  the  eight  stations  where  it  has 
been  tried.  At  Amanllo  it  has  mcreased  the  yields  in  the  years  of 
heaviest  wheat  production,  but  it  shows  on  the  average  a  loss  of  0.6 
bushel  per  acre  at  this  station.  As  it  is  a  somewhat  cheaper  method 
of  preparation  than  fall  plowing,  it  has  consequently  been  a  more 
profitable  one. 

Except  at  the  Judith  Basin  and  Akron  stations,  summer  tillage 
has  given  the  highest  average  yields  of  any  method  under  trial.  At 
Akron  the  yield  on  summer  tillage  has  been  exceeded  by  that  on 
spring-plowed  corn  ground  by  0.3  bushel  per  acre.  The  reason  for 
the  departure  at  the  Judith  Basin  station  from  the  general  rule  is 
discussed  imder  that  station.  For  the  whole  14  stations  imder 
study  the  average  increase  in  yield  over  disked  com  ground  has  been 
3.1  bushels  per  acre.  Summer  tillage  requires  the  use  of  the  land 
two  years  to  produce  a  crop  and  requires  an  extra  amoimt  of  culti- 
vation to  keep  it  free  from  weeds  in  the  fallow  year.  It  consequently 
has  the  highest  acre  cost  of  any  method  under  trial  except  that  of 
green  manuring.  A  study  of  the  relative  profits  and  losses  from 
different  methods,  as  given  in  Table  XIX,  shows  that  the  increase  in 
cost  of  production  by  summer  tillage  has  been  relatively  greater 
than  the  increase  in  yields  resulting  from  it.  With  one  or  two 
exceptions  the  highest  yields  have  been  obtained  by  this  method. 
It  has  not  at  any  station  been  the  most  profitable  when  a  profit  was 
realized  nor  has  it  been  the  source  of  the  least  loss  where  wheat  has 
been  raised  at  a  loss.  At  eight  stations  it  shows  a  profit,  but  a  smaller 
one  than  was  realized  from  some  other  method  or  methods.  At 
three  other  stations  it  has  resulted  in  a  loss  while  some  other  methods 
have  resulted  in  profit.  At  the  remaining  three  stations  its  practice 
has  increased  the  loss  attending  the  use  of  less  expensive  methods. 

Green  manuring  is  the  most  expensive  method  under  trial.  It 
resembles  a  fallow  in  thi^t  it  requires  the  use  of  the  land  for  two  years 
for  the  production  of  one  harvested  crop,  with  the  added  expense  of 
seed  and  seeding.  There  is  a  saving  in  cultivation  during  the  spring 
while  the  crop  is  growing,  but  this  is  offset  by  the  necessity  of  plowing 
to  turn  the  crop  under  and  is  not  sufficient  to  make  up  for  the  cost 
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of  seed  and  seeding.  Yields  have  not  been  commensurate  with 
increased  cost  of  producing  them.  At  no  station  have  the  ave 
yields  following  any  green  manure  exceeded  those  from  sum 
tillage.  At  Himtley  and  Dickinson,  the  two  stations  having 
highest  average  yields,  small  profits  have  been  realized  from 
method  in  spite  of  its  high  cost.  At  the  10  other  stations  at  vr 
it  has  been  under  trial  the  result  has  been  a  monetary  loss,  1 
actually  and  in  comparison  with  other  methods. 

It  is  hardly  fair  to  charge  the  whole  expense  of  green  manurin 
the  one  crop  that  inmiediatdy  follows  it,  as  is  here  done.  It  sb 
have  a  cumulative  effect  in  building  up  the  soil  or  remedying 
deficiency  in  organic  matter.  The  available  evidence  is  that 
normal  soils  in  the  Great  Plains,  at  least  in  the  first  years  of 
work,  little  effect  is  shown  on  other  than  the  first  crop.  This  el 
is  that  of  a  fallow  to  the  extent  that  the  green  manure  approacli 
fallow  in  the  storage  of  water  during  the  period  after  the  cro 
plowed  xmder. 

At  different  times  and  in  different  sections  certain  methods! 
been  exploited  as  the  solution  of  the  problems  of  dry  farming.  I 
of  these  systems  may  have  merit,  but  any  and  all  fall  far  short 
panacea  under  all  conditions.  The  observations  and  investigat 
that  have  developed  these  systems,  or  upon  which  the  advocac 
special  methods  have  been  founded,  have  been  altogether  too 
ited  both  in  geographic  extent  and  in  range  of  time.  Thei 
always,  too,  the  temptation  to  magnify  the  importance  of  t 
single  years  which  may  be  exceptional,  but  whose  results  p 
strongly  in  the  desired  direction,  losing  sight  of  the  fact  that  it  is 
average  of  a  long  series  of  years  upon  which  the  agricultural  oi^ 
zation  and  practices  of  a  section  are  and  must  be  based. 

The  scope  of  the  work  in  hand  is  broad  enough,  both  in  lengt 
time  and  in  geographic  distribution,  to  overcome  these  objecti 
One  fact  conclusively  shown  is  that  cultivation  is  not  an  imfa 
solution  of  the  problem  of  drought.  It  will  doubtless  alleviate  i 
some  extent,  but  can  never  fuDy  overcome  it.  Some  methods  1 
shown  consistent  merit  under  some  soil  conditions.  The  same 
tern  when  transplanted  to  some  other  environment  may  show  1 
or  no  merit.  With  the  exception  of  one  year  at  one  station 
greatest  difference  in  yield  between  the  supposedly  good  and  the 
posedly  poor  method  has  been  in  the  good  years  rather  than  the 
years.  This  shows  that  good  systems  have  more  efficacy  in  augnc 
ing  the  results  obtained  in  a  good  year  than  in  overcoming  the 
ditions  of  a  very  \mf avorable  year. 

A  study  of  the  data  given  in  the  tables  wiU  show  that  at  £ 
stations  no  material  difference  has  resulted  from  the  various  metl 
of  tillage  used  in  preparing  the  soil  for  spring  wheat. 
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On  shallow  soU,  where  the  devdopment  of  roots  and  the  recovery 
of  water  is  limited  by  underlying  shale,  or  on  shallow  soils  under- 
lain by  gravel  impervious  to  plant  roots,  one  can  not  expect  to  get 
say  material  benefit  from  systems  of  tillage  calculated  to  increase 
the  storage  of  water  in  the  soil.  The  shallowness  of  the  soil  will  of 
itself  limit  the  amoimt  of  water  that  can  be  stored  in  it.  It  may  be 
that  one  heavy  rain  or  rainy  period  will  be  sufficient  to  fill  such  a 
soil  completely.  After  it  has  been  filled  to  its  carrying  capacity  it  is 
obvious  that  no  amoimt  of  cultivation  will  increase  its  water  content. 
Crops  grown  on  such  soils  are  dependent  upon  seasonal  rainfall. 

The  soils  upon  which  these  investigations  have  been  made  are  in 
the  main  fertile.  In  most  cases  they  have  been  but  recently  broken 
from  the  native  sod  and  in  no  case  has  the  fertility  been  dissipated 
by  long-continued  cropping.  Unless  some  abnormal  factor  enters  in, 
such  as  hail  or  injurious  insects,  the  yield  obtained  is  largely  deter- 
mined by  the  available  water.  Since  the  water  available  to  the 
crop  on  shaQow  soils  can  not  be  materially  increased  by  cultivation, 
and  since  on  these  soils  water  is  the  chief  limiting  factor,  it  is 
unreasonaUe  to  expect  much  increase  in  yield  from  one  method  of 
tillage  over  another. 

On  uniform  soik  of  sufficient  depth  to  aUow  the  accumulation  of  a 
surplus  of  water,  wider  variations  in  yields  are  to  be  expected  from 
the  various  methods,  under  climatic  -conditions  favorable  to  the 
storage  of  water.  Such  results  have  been  obtained  at  several  of 
the  stations.  The  differences  in  yields,  however,  from  different 
methods  of  tillage,  have  not  been  the  same  from  year  to  year,  even 
on  the  most  responsive  soils,  but  have  varied  with  the  climatic  con- 
ditions. In  some  years  comparatively  wide  differences  are  obtained. 
In  another  year  the  climatic  conditions  may  be  unfavorable  and 
little  or  no  differences  in  yield  are  shown.  The  rainfall  might  be  so 
distributed  that  it  could  not  be  accumulated  in  the  soil  by  one 
method  more  than  by  another.  If  only  light  showers  came,  or  dry 
weather  prevailed  during  the  practice  of  some  system  calculated 
to  accumulate  water  in  the  soil,  it  is  obvious  that  little  or  no  water 
would  be  stored.  If  the  rains  came  later  in  sufficient  amount  and 
falling  slowly  enough  to  avoid  run-off,  the  soils  under  all  methods 
would  be  filled  with  water,  which  would  tend  to  equalize  the  result- 
ing yields.  If,  on  the  other  hand,  little  or  no  rain  came  and  none 
had  been  stored,  the  results  would  be  equalized  in  failure.  It  must 
be  borne  in  mind  that  cultivation  of  itself  does  not  accumulate  the 
water  in  the  soil.  There  must  fir^t  be  rain.  The  cultivation  can 
assist  only  in  getting  the  water  into  the  soil  and  in  preventing  its 
loss  through  weeds,  by  run-off,  or  by  vaporization  and  loss  through 
shrinkage  cracks. 
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At  some  stations  the  yields  have  been  so  nearly  practical  fa 
lat  it  is  evident  that  the  growing  of  spring  wheat  is  not  a  pro! 
ractice.  At  other  stations  one  or  two  crops  show  a  profit, 
le  remaining  ones  are  practical  failm'es.  They  indicate  thi 
irmer  may  not  find  spring  wheat  profitable  on  the  average 
lough  some  years  show  a  profit.  That  a  certain  locality  : 
Lvorable  to  the  growing  of  spring  wheat  does  not  mean  that  it 

farming  section.  It  simply  indicates  that  soil  and  climatic 
itions  are  not  favorable  to  the  pro4uction  of  this  crop, 
rops  may  find  their  most  favorable  environment  at  such  a 
^nly  one  crop  is  herein  discussed.  At  every  station  some  cropi 
een  grown  that  have  given  good  returns.  At  the  southern  sti 
)r  example,  the  grain  sorghums  have  done  well  and  should  b 
dered  the  main  crops. 

Where  work  has  been  carried  on  for  several  years  with  no  mi 
ifference  in  yield  obtained  from  th^  various  methods,  it  ind 
lat  more  freedom  may  be  used  by  the  farmer  in  planning  his  < 
ions.  If  spring  plowing,  fall  plowing,  or  disking  after  some 
lied  crop  gives  practically  the  same  yields,  the  rational  th 
o  is  to  take  advantage  of  this  fact.  It  is  desirable  to  plow 
;  can  be  done  most  economically  for  men  and  teams.  If  the 
ing  system  includes  intertilled  crops  and  disking  is  as  efi 
nd  can  be  doner  at  less  labor  cost,  it  is  advisable  to  disk  the  h 
repare  for  wheat.  Unless  there  is  a  gain  from  some  certain  m 
f  tillage  or  crop  sequence,  one  should  adjust  the  work  froi 
bandpoint  of  economical  operation.  The  farmer  can  then  gi 
liought  to  procuring  better  seed,  keeping  ahead  with  his  worl 
reventing  the  growth  of  weeds. 

CONCLUSIONS. 

These  conclusions  apply  only  to  the  yields  of  spring  wh( 
ffected  by  the  cropping  and  cultivation  of  the  one  year  immed 
receding  their  growth. 

(1)  Some  seasons  are  so  unfavorable  as  to  result  in  failure 
pring-wheat  crop  without  regard  to  the  cultural  methods 
ivestigation.     Extremely  unfavorable  climatic  conditions  ca 
e  overcome  by  cultural  methods. 

(2)  It  is  only  in  those  seasons  when  the  rainfall  deficit  is  so 
bat  it  can  be  overcome  by  moisture  stored  in  the  soil  thi 
ultural  methods  imder  investigation  have  shown  important 
pon  yields. 

(3)  When  the  differences  in  value  of  the  yields  are  less  tht 
ifferences  in  cost  of  production,  then  cost  becomes  the  deten 
a-ctor. 
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(4)  Some  soils,  even  in  the  regions  of  profitable  spring-wheat  pro- 
duction, show  little  response  to  cultural  methods. 

(5)  Reducing  the  cost  of  production  has  in  most  cases  in  these 
investigations  proved  a  more  important  factor  in  determining  profits 
than  increasing  yields  by  cultural  methods. 

(6)  Northern  Colorado  and  Kansas  seem  from  these  investigations 
to  be  the  southern  limit  of  profitable  spring-wheat  production  on 
the  Great  Plains.  This  limitation  does  not  apply  to  winter  wheat 
and  other  crops  imder  investigation. 

(7)  Disked  com  ground  has  given  consistently  high  yields.  This, 
together  with  the  low  cost  of  preparation,  has  resulted  in  its  showing 
the  highest  average  profit  or  lowest  average  loss  of  any  of  the  methods 
tried  at  all  of  the  fourteen  stations  except  one.  These  profits  are  based 
on  the  assumption  that  the  com  crop  was  so  utilized  as  to  pay  for 
the  cost  of  its  production.  (If  the  com  crop  was  grown  at  a  loss, 
this  loss  should  be  deducted  from  the  profits  on  the  wheat  crop 
following  it.) 

(8)  Furrowing  with  a  lister  and  leaving  the  surface  ridged  through 
the  winter  has  resulted  in  a  small  increase  in  yield  over  plowing  at 
seven  of  the  eight  stations  where  it  has  been  tried.  As  it  is  a  some- 
what cheaper  method  of  preparation  than  plowing,  it  has  conse- 
quently been  more  profitable. 

(9)  The  average  difference  in  the  yields  of  spring  wheat  following 
fall  plowing  and  spring  plowing  are  very  small.  At  most  stations 
the  advantage  of  one  over  the  other  depends  upon  the  season. 

(10)  Subsoiling  has  been  of  doubtful  utility  as  a  means  of  increas- 
ing yields.    As  a  means  of  overcoming  drought  it  is  without  value. 

(11)  Summer  tillage  without  crop  has  given  the  highest  average 
yields  of  any  method  under  trial  at  12  of  the  14  stations.  However, 
on  account  of  its  high  cost,  due  to  extra  labor  and  alternate-year 
cropping,  it  has  not  been  the  most  profitable  practice. 

(12)  The  most  expensive  method  under  trial  is  green  manuring. 
It  has  produced  less  profit  or  greater  loss  than  any  other  method 
under  investigation. 
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INTRODUCTION. 

The  cause,  detention,  and  prevention  of  the  spoilage  of  Indian  com 
have  been  given  special  attention  by  the  investigators  in  the  Bureau 
of  Plant  Industry  who  have  studied  the  subject  from  the  chemical, 
biological,  and  toxicological  standpoints.  In  view  of  the  fact  that  an 
excess  of  moisture  is  conducive  to  spoilage  as  well  as  shrinkage^ 
Brown  and  Duvel '  have  introduced  a  rapid  method  for  the  deter- 
mination of  this  constituent  which  has  come  into  extensive  use  in 
grain  standardization  laboratories  as  well  as  in  elevators  and  mills. 
The  percentages  of  moisture  obtained  by  this  process  are  important 
factors  in  determining  the  grade  of  market  com. 

While  moisture  is  doubtless  the  most  important  of  the  controllable 
factors  causing  deterioration,  the  determination  of  acidity  has  come 
to  be  recognized  as  the  best  chemical  means  of  detecting  actual 

» Dr.  Wfaiton  was  formerly  chemist  in  charge,  Food  Investigation  Laboratory. 

s  Brown,  Edgar,and  Duvel,  J.  W.  T.  A  Quick  Method  for  the  Determination  of  Moisture  in  Qrain.  U.  S. 
Dept.  Agr.,  Bureau  of  Plant  Industry  Bui.  99. 

NoTK. — This  bulletin  is  of  interest  to  corn  millers  and  dealers  in  corn  and  corn  products  and  b  suitable 
for  distribution  in  all  parts  of  the  country. 

85756»— Bull.  215—15 1 
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spoilage^  or  at  least  a  tendency  in  that  direction.  Italiai 
Austrian  authorities  have  for  some  time  placed  dependence 
this  determination  in  conjunction  with  certain  quaUtative 
which  appear  to  have  local  significance.  The  Austrian  cli< 
Schindler,*  described  a  method  for  acidity,  and  Black  and  Ala 
in  the  United  States  have  elaborated  the  details  of  the  proc 
order  to  make  it  applicable  for  the  use  of  those  unskilled  in  laboi 
manipulation.  The  process  described  by  these  authors  has 
further  popularized  by  Besley  and  Baston,'  and  applied  in 
investigations  on  the  soimdness  of  com.  A  certain  amount  of 
reacting  material,  residing  chiefly  in  the  germ,  is  present  in  s 
com  although  no  sour  taste  or  smeU  is  evident.  During  sp 
this  acidity  rapidly  increases  through  the  agency  of  mol 
bacteria,  or  both,  until  the  limit  of  tolerance  is  exceeded. 

Although  the  spoilage  of  com,  as  such,  has  been  the  chief  si 
of  investigation  by  the  authors  named.  Black  and  Alsberg  hav 
shown  that  the  com  meal  on  the  American  market  often  contai 
amoimt  of  acidity  in  excess  of  30,  the  arbitrary  limit  adopted  l 
Austrian  chemist  Schindler.  This  figure,  in  chemical  lang 
represents  the  niunber  of  cubic  centimeters  of  noraial  alkali  rec 
to  neutralize  the  acidity  in  the  extract  from  1,000  grams  of  the 

The  main  purpose  of  this  paper  is  to  show  the  general  compo 
of  American  table  meal  milled  by  different  processes,  and  espe 
the  keeping  qualities  of  the  extreme  types  dried  to  different  dc 
and  stored  in  different  locaUties.  Incidentally,  the  compositi 
grits  and  the  by-products  are  considered. 

The  writers  desire  to  express  their  appreciation  for  the  assis 
furnished  by  com  millers  in  various  parts  of  the  coimtry  who 
permitted  the  inspection  of  their  plants  and  furnished  samp! 
com  and  meal  for  analysis.  Special  thanks  are  due  Mr.  H.  Bate 
president  of  the  American  Hominy  Co.,  also  Mr.  F.  C.  Atki 
chemist,  and  Mr.  Charles  Highstreet,  general  superintendent  ol 
company,  who  threw  open  their  mill  at  Terre  Haute,  Ind.,  fc 
experiments.  Acknowledgment  should  also  be  made  for  the  coc 
tion  of  Mr.  W.  J.  McGee,  former  chief  of  the  New  Orleans  Fooc 
Drug  Inspection  Laboratory,  and  for  the  analytical  work  carrie 
by  Mr.  L.  Patton,  assistant  chemist  at  the  Savannah  Food  and 
Inspection  Laboratory. 

CONSUMPTION  OF  CORN  MEAL. 

The  consumption  of  com  meal  is  greatest  in  the  Southern  Stai 
the  Union,  where  in  certain  sections  meal  and  grits  are  the  prii 

1  Sohlndler,  Josef.    Anleitung  zur  Beurteilting  des  Malsesund  seiner  Mahlprodukte  mlt  KQoka 
ihre  Eignung  als  Nahrimgsmlttel.    Innsbruck,  1909. 

*  Black,  O.  F.,  and  Alsberg,  C.  L.    The  Determination  of  the  Deterioration  of  Maize,  with  In 
Reference  to  Pellagra,  U.  S.  Dept.  Agr.,  Bureau  of  Plant  Industry  Bui.  199. 

•  Besley,  H.  J.,  and  Baston,  Q,  H,   Acidity  as  a  Factor  in  Determining  the  Degree  of  dQuadness 
y,8i  Dept.  Afp:.  8^1,102, 
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cereal  foods.  Hon.  E.  J.  Watson,  commissioner  of  agriculture,  com- 
merce, and  industries  of  the  State  of  South  Carolina,  who  has  been 
particularly  active  in  repressing  the  sale  of  spoiled  meal  in  his  State, 
is  responsible  for  the  statement  that  in  South  Carolina  com  meal  is 
not  only  the  principal  cereal  product,  but  the  most  important  of  all 
articles  of  diet.*  Tlie  same  statement  applies  to  many  other  regions 
in  the  South,  particularly  the  rural  districts,  where  wheat  flour  is  of 
secondary  importance  and  in  some  cases  even  a  rarity.  In  many 
southern  families,  even  in  the  cities,  com  meal  in  some  form  or  other 
is  eaten  three  times  a  day,  and  in  most  f amihes  at  least  once  a  day. 

Among  the  common  corn-meal  dishes  eaten  in  the  South  are  hoe- 
cake,  a  mixture  of  com  meal  and  water  with  or  without  salt,  cooked 
in  a  frying  pan  or  griddle;  com  bread  or  pone,  made  with  the  addition 
of  baking  powder  or  its  equivalent  and  baked  in  the  oven;  griddle 
cakes,  prepared  from  a  thin  batter  with  the  addition  of  a  leavening 
agent;  egg  or  spoon  bread,  diflFering  from  ordinary  com  bread  in  that 
eggs  are  used;  and  com  dumpUngs,  usually  cooked  with  either  meal 
or  vegetables.  Com  meal  is  used  in  puddings,  waffles,  poultry  dress- 
ing, meat  and  fish  dishes.  There  is  also  a  large  consumption  of 
mush  made  from  hominy  or  grits  and  of  lye  hominy  prepared  from 
the  whole  grain  after  removal  of  the  huU  with  caustic  soda. 

Tlie  com  and  grits  used  in  the  South  are  prepared  almost  exclu- 
sively from  white  dent  com  in  both  northern  and  southern  mills. 
In  the  North,  where  com  products  are  consumed  to  a  less  degree, 
the  preference  is  usually  given  to  meal  made  from  yellow  com, 
although  the  so-caUed  hominy  (grits)  made  from  white  corn  is  a 
common  breakfast  cereal.  Hasty  pudding  (com  mush)  and  Johnny 
cake  (corresponding  to  the  hoecake  of  the  South)  have  been  made 
in  New  England  households  since  colonial  days.  Indian  pudding, 
a  popular  dessert  prepared  from  com  meal,  milk,  and  eggs,  has  long 
been  regarded  as  one  of  the  necessary  adjuncts  to  the  New  England 
Thanksgiving  dinner. 

The  dent  varieties,  both  white  and  yellow,  are  generally  used  in 
the  manufacture  of  meal  and  grits.  A  white  variety  known  as 
"hominy  com,"  extensively  grown  in  eastern  Illinois  and  western 
Indiana,  is  preferred  by  many  millers.  In  Rhode  Island  white  flint 
com  has  been  milled  for  generations  to  produce  a  kind  of  meal  much 
esteemed  by  the  residents  of  that  State,  and  in  some  other  regions 
flint  com  is  milled  to  a  limited  extent. 

MANUFACTURE  OF  CORN  MEAL. 

Although  the  consumption  of  meal  is  greatest  in  the  South,  the 
production  of  com  is  greatest  in  the  States  of  the  Middle  West  form- 
ing the  "com  belt.''  In.  the  South  the  acreage  is  given  up  largely 
to  the  production  of  cotton,  and  the  com  crop  is  not  sufficient  to 
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supply  the  local  demand.  While  the  southern  com  is  used  as 
it  goes,  and  is  usually  preferred,  the  larger  part  of  the  meal  is 
ground  by  southern  mills  from  western  com  or  is  milled  i 
North,  usually  in  or  near  the  r^on  where  the  com  is  grown. 

THE  STONE  PROCESS. 

With  few  exceptions  the  southern  mills  grind  the  com  by  £ 
The  chief  difference  between  the  process  of  the  small  countr 
with  a  single  ''run  of  stone/'  which  grinds  the  grist  that  the  i 
brings  in  on  his  back,  and  that  of  the  large  mill,  with  several 
or  50  "run  of  stone,*'  is  in  the  perfection  of  the  grain-cleanii 
the  bolting  systems.  In  many  of  the  mills  native  stones,  n 
the  so-called  Esopus  stones  from  New  York  quarries,  are  prefer 
French  buhrs  for  the  reason  that  they  produce  a  soft,  smooth 
which  is  highly  esteemed  by  southern  cooks. 

Tlie  term  "water  meaV  has  been  applied  indiscriminately  1 
fashioned,  stone-ground  meal  regardless  of  the  fact  that  at  thi 
ent  time  steam  or  even  electricity  is  often  the  motive  power, 
rally  the  nature  of  the  milling  machinery  and  not  the  power 
mines  the  character  of  the  meal.  Stone-ground  meal  is  either 
from  com  without  bolting,  and  consequently  does  not  differ  ii 
position  from  the  whole  grain,  except  for  the  removal  of  a 
amount  of  chaff  by  a  simple  fan  device,  or  is  bolted  to  remo 
coarse  bran  and  germ.  It  is  stated  that  when  unbolted  n 
used  the  cook  is  accustomed  to  put  it  through  a  sifter,  thus  ren 
the  greater  part  of  the  coarse,  branny  tissues,  so  that  the  final 
attained  is  the  same  as  if  bolted  meal  had  been  used.  Stone-g 
meal,  owing  to  the  incomplete  removal  of  the  fatty  matter 
germ,  is  characterized  by  its  rich  oily  flavor,  the  taste  for  which 
once  acquired  is  not  satisfied  by  degerminated  meal  in  which  i 
content  is  reduced  to  the  minimum. 

In  the  small  stone  mills  no  attempt  is  made  to  dry  either  tfa 
or  the  meal,  although  it  is  well  known  that  the  com  must  be  i 
ately  dry  in  order  to  prevent  gumming  in  the  miH  and  to 
keeping  for  a  reasonable  length  of  time.  The  friction  of  gri 
especially  when  the  stones  are  set  for  producing  a  very  fine,  soft 
develops  considerable  heat,  which  serves  to  drive  off  much 
moisture.  In  certain  of  the  large  mills  drying  apparatus  is  u 
some  extent  for  removing  the  excess  of  moisture  from  eith 
com  or  the  meal.  In  many  of  the  mills,  however,  dependc 
placed  on  the  heat  developed  during  grinding  as  well  as  on  the 
sure  of  the  hot  meal  to  the  air  in  open  conveyors. 

TmS  ROLLER  PROCESS. 

In  northern  milU  rolls  have  largely  replaced  stones,  the  f 
being  one  of  gradual  reduction  similar  to  that  employed  in 
milling.    Preliminary   to   grinding,   the  com  is  put   throug 
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''d^erminator/'  which  looseus  the  germ,  permitting  its  separation 
for  the  manufacture  of  com  oil.  In  some  mills  corrugated  rolls  take 
the  place  of  the  degerminator,  but  the  product  thus  obtained  may- 
be contaminated  with  a  considerable  amount  of  oil.  Reels  and  sifters 
similar  to  those  employed  in  wheat  milling  are  used  in  maldng  the 
separation.  In  addition  to  the  "degerminator''  special  forms  of 
aspirators  and  driers,  quite  xmknown  in  wheat  milling,  are  pecuUar 
to  this  process. 

Com,  Uke  wheat,  is  tempered  by  steam  or  water  preliminary  to  the 
milling  process,  but  it  is  considered  necessary  to  dry  the  products, 
except  in  the  summer  months  after  the  com  has  become  dry  through 
long  standing.  This  drying  is  usually  effected  in  revolving  horizontal 
cylinders  containing  steam  pipes.  The  products  and  by-products  are 
subjected  to  this  drying  process  either  before  or  after  separation. 
The  drying  of  the  com  itself  preliminary  to  milling  is  imusual. 

PRODUCTS  OF  CORN  MILLING. 

Not  only  com  meal,  but  usually  also  grits  and  corn  flour,  as  well 
as  germ  and  feed,  are  obtained  as  the  products  and  by-products  of 
the  roUer  process.  In  some  mills  two  or  more  grades  of  meal  are 
separated.  These  are  designated  either  for  table  or  brewers'  use,  or, 
according  to  the  size  of  the  particles,  as  coarse  or  fine.  Grits  and 
meal  for  brewers'  use  are  the  main  products  of  some  of  the  largest 
mills. 

The  grits  are  either  used  as  such  by  the  brewer  or  are  rolled  or 
*' flaked"  in  order  to  facilitate  malting.  Special  machines  turn  out 
continuous  ribbons  of  rolled  grits  which  are  later  broken  up  into  thin 
flakes  a  fraction  of  an  inch  in  size.  A  similar  product  serves  for  the 
manufacture  of  toasted  com  flakes,  a  well-known,  ready-for-use 
breakfast  cereal. 

Brewers'  meal  differs  from  table  meal  in  that  it  contains  more  of 
the  floury  part  of  the  kernel.  The  difference,  however,  is  not  marked 
and  either  can  be  used  for  both  purposes.  The  brewing  industry 
demands  that  both  grits  and  meal  contain  not  only  the  highest  pos- 
sible amoimt  of  starch,  but  also  a  low  percentage  of  fat.  A  low 
percentage  of  moisture  is  also  desired,  not  merely  to  increase  thereby 
the  percentage  of  starch  but  also  to  insure  better  keeping  qualities. 

Com  flour,  the  finely  divided  material  separated  by  bolting,  may 
be  regarded  as  a  by-product  of  the  gradual  reduction  process.  It 
serves  as  an  ingredient  of  pancake  flour  and  also  as  a  filler  or  binder 
for  sausage. 

The  germ,  detached  from  the  grain  in  the  early  stage  of  the  process 
by  the  degerminator,  is  pressed  for  the  manufacture  of  com  oil.  Com 
cake,  the  residue  from  the  presses,  is  utilized  for  cattle  food. 

Com  bran  corresponds  to  the  bran  obtained  in  the  milling  of  wheat 
in  the  modem  flour  mill,  and  com  feed  is  the  cattle  food  consisting 
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usually  of  a  mixture  of  bran  and  the  finely  divided  offal  analog 
red  dog  flour  of  the  wheat  mill.  The  groimd  com  cake  is  of  i 
ingredient  of  com  feed. 

COMPOSITION  OF  THE  PRODUCTS  OF  CORN  MILLING. 

The  analyses  reported  under  this  head  are  of  samples  obtained 
com  mills  in  different  sections  of  the  country.  With  few  exce 
the  samples  of  meal  were  taken  at  the  mills  by  the  authors,  so 
possible  from  the  streams  of  com  going  to  the  milling  apparati 
of  finished  products  going  to  the  packers.  They  represent  the 
ucts  of  forty-one  mills  located  in  thirty-two  towns  and  sevi 
States.  The  samples  were  shipped  without  delay  to  the  C 
Food  and  Drug  Inspection  Laboratory  for  analysis,  the  detei 
tions  being  made  as  soon  as  the  samples  were  received. 

METHODS  OP  ANALYSIS. 

The  analyses  were  made  by  the  methods  of  the  Associat 
Ofl&cial  Agricultural  Chemists,  with  the  exception  of  the  a 
which  was  determined  by  the  method  employed  by  Schindlei 
described  in  detail  by  Black  and  Alsberg.* 

The  determination  of  moisture  by  drying  for  five  hours  \ 
temperature  of  boiling  water  in  a  current  of  dry  hydrogen  was  c 
out  in  the  apparatus  devised  by  Winton.'  TTie  results  obtain 
means  of  tins  apparatus  were  about  1  per  cent  higher  than 
obtained  by  drying  for  the  same  length  of  time  and  at  the 
temperature  in  an  open  dish.  The  reason  for  tins  difference 
clear,  but  is  probably,  in  part  at  least,  physical.  The  fact  th 
difference  was  well  marked  in  the  case  of  degerminated  meal  co 
ing  less  than  1  per  cent  of  fat  precludes  the  assumption  that  the 
Ues  in  the  prevention  of  oxidation  by  the  hydrogen  method. 

Great  annoyance  and  sometimes  heated  disputes  have  resulte( 
discrepancies  in  the  results  of  a  moisture  determination  by  di 
methods  and  in  different  laboratories,  particularly  those  of  the 
and  seller.  As  the  process  used  in  these  experiments  has  give 
cordant  results  in  mill  laboratories  as  well  as  in  those  of  the  d 
ment,  it  is  believed  that  the  extra  labor  and  expense  invoh 
compared  with  drying  in  an  open  dish  will  recommend  it,  at  le; 
use  in  standardizing  such  shorter  processes  as  the  official  or 
chemist  may  find  convenient.  In  this  connection  attention  is  di 
to  the  modification  of  the  Brown  and  Duvel  apparatus  adapt 
the  determination  of  moisture  in  meal  which  has  recently 
devised  by  Cox.*     It  is  hoped  that  this  method  will  be  of  great 

1  Loc.  cit.  p.  37. 
«  Loc  cit.  p.  la 

*  WintoD,  A.  L.   Coon.  Agr.  Ezpt  Sta.  Rept,  1889,  p.  187;  Leach,  Albert  B.    Food  Inspo 
Analjrsis,  p.  62. 

*  Cox.  John  H.    A  Special  Flask  for  the  Rapid  Determination  of  Water  in  Flour  and  MeaL     U 
Aer.  Bui.  66. 
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to  the  trade.  So  far  there  has  not  been  opportunity  to  compare  the 
results  obtained  by  this  apparatus  with  those  by  the  gravimetric 
method  employed  in  these  investigations. 

FULL  SET  OF  PRODUCTS  OF  TWO  HOLLrat  MILLS. 

In  Table  1  ore  given  analyses  of  samples  representing  all  the  prod- 
ucts and  by-products  obtained  in  two  com  mills,  one,  grinding  white 
com,  located  in  the  Middle  West,  the  other,  grinding  yellow  com, 
on  the  Pacific  slope. 

PROCESS  OF  MANUFACTURE. 

A  description  of  the  process  used  in  the  white-corn  mill,  as  furnished 
by  the  chemist,  follows: 

Number  three  ^  white  com  is  carried  from  the  elevator  or  bin  through  a  magnetic 
separator  to  remove  nails,  etc.,  then  through  a  screen  to  remove  large  pieces  of  cobe 
or  other  foreign  matter  and  over  a  fine  screen  to  remove  sand  and  grit.  It  is  then 
aspirated  with  a  strong  air  current  to  remove  impurities  of  a  light,  fluffy  nature. 

The  cleaned  com  now  goes  through  the  tempering  device  and  to  the  degerminator. 
In  the  latter  machine  the  kernels  are  broken  open,  the  germs  are  partly  broken  loose 
from  the  starchy  portion  of  the  grain,  and  the  bran  is  partiaUy  removed.  This  broken 
com  is  dried  and  aUowed  to  flow  through  the  hominy  separator.  In  this  machine  the 
stock  is  led  through  a  revolving  sheet-iron  cylinder,  through  the  metal  of  which  are 
nujnerous  narrow  slots.  Within  this  cylinder  are  beaters  revolving  in  the  opposite 
direction  from  the  cylinder.  This  removes  some  bran  and  most  of  the  rotten  grains, 
which  latter  are  shattered  into  very  fine  particles  as  they  pass  through  the  degermi- 
nators. 

From  this  cylinder  the  stock  passes  through  a  sizing  reel  which  removes  aU  the 
material  fine  enough  to  pass  a  number  seven  screen  (seven  meshes  to  the  linear  inch). 
At  the  same  time  it  is  aspirated  to  remove  dust  and  bran.  The  coarse  portion  from  this 
machine,  which  is  now  quite  weU  cleaned,  is  passed  through  the  first,  second,  and  third 
break  rolls,  being  screened  after  each  break,  separating  flour,  meal,  fine  grits,  coarse 
grits,  and  hominy. 

As  the  products  attain  the  desired  degree  of  fineness  they  are  aspirated  thoroughly 
before  bagging. 

In  the  yeUow-corn  mill  both  dent  and  flint  com,  either  separately 
or  mixed,  are  milled,  the  process,  as  described  by  the  head  miUer, 
being  as  follows: 

The  com  first  passes  through  a  degerminator  which  removes  the  bran  and  germ. 
It  is  then  thoroughly  dried  and  aUowed  to  remain  in  the  bin  long  enough  to  cool  to 
about  its  normal  temperature.  From  thence  it  passes  through  a  series  of  rolls,  being 
gradually  reduced  to  the  proper  fineness.  The  chaffy  material  is  removed  by  suction, 
after  which  the  meal  is  sterilized  at  a  temperature  of  218®  F.,  the  process  requiring  a 
little  over  three  minutes.  When  the  meal  has  cooled  off  slightly  it  is  packed  in  sacks 
or  other  suitable  containers. 

ANALYSES  OP  THE   PRODUCTFS. 

A  study  of  the  analyses  in  Table  1  shows  that  the  percentages  of 
fat  and  ash  in  the  white  com  grits  and  in  the  coarse  yellow  corn  meal 
correspond  very  closely  to  the  percentages  of  these  constituents 

1  This  is  the  old  No.  3  grade  used  by  the  trade  prior  to  the  adoption  of  the  Govemment  com  grades 
in  July,  1914.  Com  graded  No.  4  on  account  of  moisture  is  often  used.  No.  2  com  is  found  oompara- 
tively  rarely  and  then  only  in  summer  and  early  fall. 
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in  patent  wheat  flour,  showing  that  the  gradual  reduction  p 
eliminates  quite  completely  the  bran  and  impurities.  The 
centages  of  fat  and  ash  in  both  kinds  of  white  corn  meal  and 
fine  yellow  com  meal  are  about  the  same  as  those  present  in 
wheat  flour.  The  analogy  ceases  in  the  case  of  protein,  as  th< 
products  with  low  fat  and  ash  contents  contain  relatively 
amounts  of  protein,  whereas  the  reverse  is  true  of  the  different  { 
of  wheat  flour. 

Table  1. — Composition  of  the  prodiu^ts  and  hy-producU  of  com  milling. 


Product. 


Analysis  as  received. 


1^ 


Analysis  calculated  to  mois 
basis. 


f  X 


II 


White  com,  products, 
and  by-products: 

Com 

Qrits,  coarse 

Qrits,flDe 

Meal,  cream 

Meal,  brewers' 

Flour 

Qerm 

Germ  cake 

Feed  (including  bran) . 

Bran 

Yellow  com,  products, 
and  by-products: 

Com 

Meal,  boVted,  coarse 

Meal,  bolted,  fine 

Germ 

Bran 


P.et. 
13.52 
13.07 
12.12 
11.97 
ll.dS 
11.19 
6.64 
2.14 
11.00 
10.13 


13.45 
12.88 
13.10 
11.29 
10.37 


27.5 

16.4 

16.6 

19.1 

18.1 

22.1 

50.3 

68. 

52.4 

49.2 


35.4 
18.0 
21.1 
62.5 
66.5 


P.et. 
0.12 
8.78 
8.66 
7, 
8.00 
6.78 
16.62 
20.22 
11.60 
8.43 


P.et. 

3.62 

.48 

.64 

1.41 

1.23 

2.87 

23.79 

7.26 

8.44 

6.71 


P.et 
70.50 
76.78 
77.68 
77.65 
77.59 
77.61 
40.30 
54.39 


P.d.  P.et. 

2.02  1.22 

.63 


.48 
.56 
.64 
.80 
6.04 


.42 
.56 
.59 
.75 
6.61 


7.90  8.09 
6.03  2.85 
9.72  2.16 


9.16 
9.78 
9.09 
13.34 
9.06 


6.10 
.90 

2.19 
18.07 
11.00 


68.89 
75.60 
74.48 
49.25 
57.19 


2.06 

.45 

.53 
3.98,  4.07 
9.68  2.70 


1.34 
.39 
.61 


31.8 
18.9 
18.9 
21.7 
20.6 
24.9 
63.5 
70.1 
58.9 
64.7 


40.0 
20.7 
24.3 
70.5 
74.2 


P.et 
10.56 
10.10 
9.85 
8.92 
9.08 
7.63 
17.80 
20.66 
13.13 
9.38 


10.58 
11.23 
10.46 
15.04 
10.11 


P.et. 

4.19 

.65 

.73 

1. 

1.40 
3.23 
25.48 
7.42 
9.48 
7.47 


6.89 
1.03 
2.52 
20.37 
12.27 


P.et.  P. 
81.51  2 
88.33 
8S.39 
88.20 
88.12 
87.40 
43.17 
55.68 
68.64 
09.93    10 


79.60 
86.77 
85.71 
66.51 
63.81 


It  should  be  especially  noted  that  the  acidity  of  both  the  grit 
the  meal  is  much  less  than  that  of  the  corn,  the  figures  bein^ 
within  the  limit  30,  notwithstanding  the  high  amount  in  the 
which  was  characteristic  of  the  crop  of  1913. 

Com  flour  is  not  comparable  with  any  of  the  commercial  gra< 
wheat  flour,  although  in  respect  to  both  process  and  composition 
some  resemblance  to  break  flour.  The  acidity,  fat,  and  ash  cor 
are  higher  in  the  flour  than  in  the  meal  and  grits,  whereas  the  pi 
content  is  lower. 

The  germ  is  characterized  by  its  high  content  of  acidity,  pr 
fat,  fiber,  and  ash,  all  of  which  constituents,  except  the  fat,  ai 
viously  further  increased  in  percentage  amount  by  pressing, 
high  acidity  at  once  shows  the  chief  seat  of  the  acid-reacting  mat 
and  the  advantage  of  degermination. 

The  samples  of  bran,  while  containing  about  the  same  amoi 
protein  as  the  corn,  are  characterized  by  their  higher  fat,  fibei 
ash  content.     The  feed  is  still  richer  in  fat  and  ash  as  well  as  u 
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..  These  results  show  the  value  of  this  offal  for  feeding,  but  the 
1  acidity  is  significant  proof  of  its  unsuitability  for  human  food. 

WHOLE-KERNEL  STONE-GROUND  MEAL. 

lie  samples  without  exception  were  from  southern  mills.  Analy- 
of  both  the  meal  and  the  com  from  which  it  was  milled  appear  in 
le  2.  As  the  com  was  ground  without  the  removal  of  any  constit- 
t  other  than  some  of  the  thin,  papery  chaff  or  *'bee  wing/'  the 
\1  when  ground  should  not  differ  materially  from  the  com  in  com- 
ition,  except  for  a  possible  change  in  moisture  content.  Whether 
lot  the  moisture  is  less  or  greater  than  in  the  com  depends  on  the 
ness  of  the  latter  and  on  the  climate.  Ordinarily  there  is  a  loss 
[Finding. 

LE  2. — CompoMon  of  whole^henul,  stone-ground  meal  and  of  com  from  which  m>eal 

was  milled. 


Analysis  as  reoeiyed. 

basis. 

Ttodoot. 

i 

2 

1 

i 

1. 

1 

1 

^ 

1^ 

^ 

i^ 

Il 

«3 

1 

1 

< 

t 

i 

1 

-< 

Is 

t 

2 

1 

i 

B  corn  ahd  meal: 

orn.  Middle  West.. 

P.et. 

p.et. 

P.et. 

p.et. 

P.et. 

p.et. 

p.et. 

P.et. 

p.et. 

P.et. 

p.et. 

13.05 

32.0 

8.47 

3.70 

71.49 

2.00 

1.29 

36.8 

9.74 

4.26 

82.22 

2.30 

1.48 

[eal,  unbolted 

13.28 

32.2 

8.38 

3.59 

71.34 

2.12 

1.29 

87.2 

9.66 

4.14 

82.26 

2.45 

1.49 

1  Na  2,  Alabama- 

am,  Tennessee 

12.41 

20.0 

8.25 

4.16 

71.90 

2.00 

1.28 

22.8 

9.42 

4.75 

82.00 

2.28 

1.46 

[eal,  unbolted 

12.30 

34.1 

8.00 

4.27 

72.00 

2.05 

1.38 

38.9 

9.12 

4.87 

82.10 

2.33 

1.58 

lNa3,Oeorgia- 

om,  Indiana 

13.28 

25.2 

8.19 

3.75 

71.62 

2.07 

1.19 

29.0 

9.44 

4.32 

82.49 

2.38 

1.37 

[eal,  unbolted 

11.97 

28.0 

8.47 

3.66 

72.52 

2.16 

1.24 

29.5 

9.62 

4.15 

82.38 

2.44 

1.41 

1  No.  4,  Qeorgia— 

arn 

13.99 

26.4 

8.81 

3.78 

70.19 

1.95 

1.28 

29.5 

10.24 

4.40 

81.61 

2.26 

1.49 

[eal,  unbolted 

12.38 

27.4 

8.66 

3.81 

71.83 

1.98 

1.34 

31.3 

9.88 

4.35 

81.98 

2.26 

1.53 

lNo.5.0eonria- 
om,  Middle  West.. 

14.04 

23.0 

8.59 

3.66 

70.54 

2.04 

1.24 

26.8 

10.00 

4.13 

82.06 

2.37 

1.44 

[eal,  unbolted 

12.51 

28.0 

8.31 

3.75 

71.97 

2.19 

1.27 

32.0 

9.50 

4.29 

82.25 

2.61 

1.45 

lNo.6,SouthCaro- 

lina- 

om.  South  Carolina. 

11.73 

18.0 

7.90 

4.45 

72.69 

2.05 

1.18 

20.4 

8.95 

6.04 

82.35 

2.32 

1.34 

[eal,  unbolted 

11.16 

20.7 

7.94 

4.39 

73.21 

2.10 

1.20 

23.3 

8.94 

4.94 

82.41 

2.36 

1.35 

orn,  Tennessee 

11.82 

18.0 

7.00 

4.29 

73.56 

2.07 

1.26 

20.4 

7.94 

4.87 

83.42 

2.34 

1.43 

[eal,  entire  kernel. . . 

13.09 

24.5 

7.25 

4.18 

72.25 

2.01 

1.22 

28.2 

8.34 

4.81 

83.13 

2.32 

1.40 

lNo.8.MissiasIppi- 

orn,  Minissippl 

eal,  unbolted 

12.13 

31.0 

9.09 

4.42 

71.06 

2.07 

1.23 

35.3 

10.35 

6.03 

80.87 

2.35 

1.40 

13.18 

37.2 

8.47 

4.25 

70.60 

2.17 

1.33 

42.9 

9.75 

4.90 

81.32 

2.50 

1.53 

1  No.  9.  Mississippi— 
orn,  Kentucky 

12.64 

30.0 

9.22 

4.24 

70.73 

1.91 

1.36 

34.3 

10.54 

4.85 

80.87 

2.19 

1.66 

[eal,  unbolted 

12.31 

42.7 

9.41 

4.18 

70.74 

1.99 

1.37 

48.7 

10.73 

4.77 

80.67 

2.27 

1.56 

No.iq,MisslssippI- 

orn,  Missiasippi 

[eal,  unbolted 

11.86 

24.7 

8.19 

4.63 

71.88 

2.09 

1.35 

28.1 

9.29 

5.26 

81.65 

2.37 

1.63 

11.58 

25.1 

7.97 

4.49 

73.09 

1.55 

1.32 

28.4 

9.01 

5.08 

82.66 

1.76 

1.49 

IKaU.Missouri- 
Dfn,MiidleWe8t.. 

15.83 

21.3 

8.78 

3.67 

68.65 

1.84 

1.23 

25.3 

10.44 

4.36 

81.56 

2.18 

1.46 

[eal,  straight 

10.17 

21.3 

9.03 

3.56 

74.52 

1.36 

1.36 

23.7 

10.05 

3.96 

82.96 

1.51 

1.52 

IMaximum . . 

13.28 

42.7 

9.41 

4.49 

74.52 

2.19 

1.38 

48.7 

10.73 

6.08 

83.13 

2.51 

1.58 

HeaUMlnfanum... 

10.17 

20.7 

7.25 

3.56 

70.60 

1.36 

1.20 

23.3 

8.34 

3.96 

80.67 

1.51 

1.35 

lATwage.... 

12.18 

S9.0 

8.35 

4.01 

72.19 

1..7 

1.30 

33.1 

9.61 

4.67 

82.19 

2.25 

1.48 

"he  remarkable  agreement  in  the  percentages  other  than  moisture 
acidity  is  as  would  be  expected,  but  the  greater  amount  of 
857550__BuU.  215—15 2 
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icidity  in  the  meal  requires  explanation.  That  the  acidity  ol 
5om  and  freshly  ground  meal  would  be  the  same  is  obvious,  h 
ncrease  in  the  meal  is  much  more  rapid  than  in  the  com.  In 
¥here  the  acidity  of  the  meal  is  in  excess  the  cause  is  directly 
ible  to  delay  in  deUvery  of  the  samples,  which  in  some  insi 
^as  a  week  or  more.  Experience  shows  that  corn  will  not  mat< 
ncrease  in  acidity  during  that  time. 

The  acidity  given  in  Table  2  for  the  com  should  in  all  caj 
)aken  as  that  of  the  corresponding  meal  at  the  time  of  grindi 

The  excessive  amount  of  acidity  in  some  of  the  samples  ol 
vhen  analyzed  merely  illustrates  the  difficulty  in  keeping  m 
his  type,  which  fact  is  further  brought  out  by  the  results  of  th( 
experiments.     (See  Tables  12  and  14.) 

BOLTED  UNDEGERMINATED  MEAL. 

Results  obtained  in  the  analysis  of  bolted,  imdegerminated 
\3  well  as  of  the  com  from  which  it  was  milled,  appear  in  Ta 
rhe  mills  in  which  the  com  was  ground  are  all  located  in  the 
except  No.  18,  which  is  in  Iowa,  and  No.  35,  which  is  in  1 
island.  In  most  of  the  mills  grinding  was  done  by  stones;  ir 
[8,  36,  37,  and  38,  however,  roUs  were  used.  The  com  grou 
tU  the  southern  mills  was  white  dent,  in  the  Iowa  mill  it  was  ^ 
lent,  and  in  the  Rhode  Island  mill  it  was  white  flint. 

Table  3. — CompoHtum  of  bolted^  undegerminated  com  meal  and  of  com  /ror 

meal  was  milled. 


Product. 


Analysis  as  received. 


1^ 


Analysis  calculated  to  mols 
basis. 


1^ 


V^hlte  corn  and  meal: 

Mill  No.  1,  Alabama- 
Corn,  Middle  West.. 
Meal,  bolted 

Mill  No.  4,  Georgia- 
Corn 

Meal,  bolted 

Mill  No.  34,  OeorRia— 

Com 

Meal,  bolted 

Mill,  No.  5,  Geor?la^ 
Com,  Middle  West. . 
Meal,  bolted 

Mill  No.  21,  Missouri- 
Corn,  Middle  West.. 
Meal,  bolted 

MillNo.  9.  Mississippi- 
Corn  ,  Kentucky 

Meal,  bolted , 

Mill   No.    36,   Rhode 
Island- 
Corn,  R.  I.  flint 

Meal,  bolted 


P.et 
13.05 
14.94 

13.99 
12.60 

12.79 
11.32 

14.04 
11.60 

14.87 
12.78 

12.54 
12.45 


12.93 
10.12 


32.01 
33.8 


25.4 
27.7 


23.5 
26.2 


23.0 
25.5 


25.8 
24.1 


30.0 
44.5 


22.5 
21.7 


P.  a 

8.47 
7.76 

8.81 
9.09 

8.93 
9.22 

8.59 
8.87 

8.75 
8.97 

9.22 
9.06 


9.50 
8.9' 


P.et 
3.70 
2.92 

3.78 
3.72 


P.et 
71.49 
72.63 

70.19 
71.94 


4.30  70.62 
4.35   72.12 


3.55 
3.78 


3.58 
8.04 


4.24 
4.72 


4.47 
4 


70.54 
72.77 


69.47 
72.92 


70.73 
70.88 


69.94 
73.39 


P.et. 

2.00 
.83 

1.95 
1.48 

2.06 
1.64 

2.04 
1.68 

1.99 
1.17 

1.91 
1.38 


1. 
1.31 


P.et. 
1.29 
1.03 

1.28 
1.17 

1.30 
1.35 

1.24 
1.30 

1.34 
1.12 

1.36 
1.51 


1 

1.38 


36.8 
29.8 


29.5 
31.7 


26.9 
29.6 


26.8 
28.8 


30.3 
27.6 


34.3 
60.8 


P.  a. 

9.74 
9.11 

10.24 
10.40 

10.24 
10. 

10.00 
10.04 

10.28 
10.28 

10.54 
10. 


P.  a. 

4.26 
3.43 

4.40 
4.26 

4.93 
4.90 

4.13 
4.27 


P.et. 
82.22 
85.27 

81.61 
82.30 

80.98 
81.34 

82.06 
82.32 


4.20  81.62 
3.49  83.61 


25.8 


10.91 


4.85 
5.39 


5.13 


80.  K7 
80.96 


80.33 


24.21    9.98i    5.38i  81.64 
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3. — Composition  of  bolted,  unde^erminated  com  meal  and  of  cam  from  which 
m>eal  was  milled — Continued. 


Product. 


Analysis  as  reoeiyed. 


Analysis  calculated  to  moisture-free 


f 


i. 
11 


com  and  meal— 
atinued. 

^}a36.Tenne8see- 
m.  Middle  West. . 

al,  plain 

ttl,  bolted 
J^a37,Tei 
m,  uncleaned.. 

el,  cream 

^a  38,  Tennessee— 

m,  Tennesswe 

lal,  bolted 

So,  39,  Tennessee — 
rn,  Tennessee... 

al,  bolted 

al,  pearl 

No.  40.  Vlrginia- 
m.  Middle  West., 
lal,  bolted 

tlfi|Tlmniti  . . 
Minimum... 
ATerage 

'Com  and  meal: 
No.  18,  Iowa— 
m,  Middle  West., 
iftl,     Porto    Rico 
rade 


P.ct 
13.14 
13.72 
14.25 

12.60 
14.39 

13.81 
15.09 

14.19 
13.31 
12.87 

14.09 
12.51 


26.2 
46.0 
45.5 

24.7 
31.0 

19.2 
27.5 

21.7 
24.0 
20.7 

27.7 
28.5 


P.ct. 
8.28 
8.78 
9.03 

8.34 
7.47 

0.40 

8.47 

9.09 
0.18 
8.78 

8.72 
8.84 


P.ct 
3.85 
4.83 
5.14 

3.73 
2.75 

4.63 
3.58 

4.18 
4.11 
2.98 

3.55 
3.90 


P.ct. 
71.45 
69.33 
68.31 

72.06 
73.76 

68.83 
70.54 

69.46 
71.19 
73.54 

60.67 
71.66 


P.ct 
2.04 
1.73 
1.62 

2.00 
1.77 

1.94 
1.15 

1.75 
.86 


2.14 
1.77 


P.ct. 
1.24 
1.61 
1 

1.27 
.86 

1.39 
1.17 

1.33 
1.35 
1.00 

1.23 
1.32 


P.O. 

30.2  9.54 

63.3  10.17 
53.1    10.53 


28.3 
36.2 

22.3 
32.3 

25.3 
27.7 
23.8 


9.55 
8.72 

10.91 
9.97 

10.59 
10.59 
10.07 


32.5  10.23 

32.6  10.11 


15.09 
10.12 
12.  M 


46.0  9.22 
20.7  7.47 
30.5     8.75 


16.95 
16.82 


24.3 


5.14 
2.75 
8.90 


73.76 
68.31 
71.79 


1.77 

.77 

1.30 


1.65 

.86 

1.27 


53.3 
23.8 
35.1 


19.0     8.59 


7.16 


3.55 

1.95 


67.58 
72.79 


2.06 


1.27 
.62 


29.2 


P.ct. 
4.43 
5.59 
6.00 

4.27 
3.22 

5.38 
4.22 

4.87 
4.74 
3.42 

4.16 
4.45 


P.ct. 
82.25 
80.37 
79.66 

82.44 
86.15 

79.85 
83.07 

80.96 
82.13 
84.41 

81.66 
81.90 


P.CU 
2.35 
2.01 
1.89 

2.29 
.90 

2.25 
1.36 

2.03 
.99 
.96 

2.51 
2.03 


P.ct. 
1.43 
1.86 
1.92 

1.45 
1.01 

1.61 
1.38 

1.55 
1.55 
1.14 

1.44 
1.51 


10.59 
8.72 
10.06 


6.00  86.15 
3.22  79.66 
4.48  88.51 


2.03 

.90 

1.50 


1.92 
1.01 
1.46 


10.35 
8.61 


4.28  81.37 


2.35 


87.52 


2.48 
.79 


1.52 
.73 


le  eflfect  of  bolting  in  all  cases  was  a  decrease  in  fiber,  but  further 
L  this  no  general  rule  can  be  deduced,  as  conditions  such  as  fine- 
of  grinding  and  the  size  of  the  meshes  of  the  bolts  exert  more 
lence  than  the  mere  fact  of  bolting.  The  markedly  high  acidity 
le  meal  from  mills  9  and  36  was  doubtless  due  to  the  length  of 
\  elapsing  between  grinding  and  analysis,  which  for  reasons 
idy  stated  was  from  9  to  12  days. 

'  DEGEBMINATED  BOLTED  ROLLER-GROUND  MEAL. 

he  general  name  '^ cream  meal''  is  applied  to  degerminated,  bolted, 
sr-ground  meal  when  made  from  white  com,  but  various  terms 
used  for  the  corresponding  product  from  yellow  corn.  Analyses 
oth  white  and  yellow  meal  and  of  the  corn  from  which  the  meal 
milled  will  be  found  in  Table  4.  The  samples  were  from  mills 
ted  in  the  Northern  States  and  in  Tennessee.  All  the  mills 
B  equipped  with  rolls  and  modern  machinery  for  cleaning  the 
n  as  weU  as  for  separating  and  drying  the  products.  Most  of  the 
s  employed  degerminators,  while  others  depended  on  corrugated 
i  for  loosening  the  germ  and  bran  from  the  endosperm. 


Digitized  by 


Googk 


12 


BULLETIN  215,  U.   S.  DEPARTMENT  OF   AGRICULTUBB. 


Table  4. — Composition  of  degermiruUedf  boUed,  roller-ground  meal  and  of  com 

which  meal  was  milled. 


Product. 


Analysis  as  received. 


Analysis  calculated  to  moistc 
basis. 


F 


White  com  and  meal: 

MiU  No.  12.  Illinois— 
Corn,  Middle  West. 
Heal,  pearl 

HiUNo.  13,IUinois— 
Ck)m,MiddleWest. 
Meal,  cream 

MillNo.  Miniinois- 
ComyMiddleWest. 
Meal,  brewers' 

MiU  No.  15,  Indiana- 
Corn,  Middle  West. 
Meal,  cream 

MillNo.  16,  Indiana- 
Corn,  Middle  West.. 
Meal, cream 

Mm  No.  17,  Iowa- 
Corn,  Middle  West.. 
Meal, cream 

MUlNo.  18,  Iowa- 
Corn,  Middle  West.. 
Meal,  pearl 

MiU  No.  19,  Maryland- 
Corn,  Chicago 

Meal,  fancy  cream . 

MiU  No.  20.  Michigan- 
Corn,  Middle  West.. 
Meal 

Mill  No.  21,  Missouri- 
Corn,  Middle  West.. 
Moal,  cream 

Mill  No.  22,  Missouri- 
Corn 

Meal,  cream 

Mill  No.  23,  Missouri- 
Corn 

Meal,  cream 

MiU     No.     24,     New 
York- 
Corn,  Middle  West.. 
Meal,  cream 

Mill  No.  25,  Pennsyl- 
vania— 
Com,  Middle  West.. 

Meal,  cream 

Meal.  Southern  trade. 

MiU  No.  26,  Tennes- 
see- 
Corn,  Illinois 

Meal,  cream 

Mill  No.  27,  Tennes- 
see— 
Com, Middle  West.. 
Meal,  cream 

MiU  No.  28,  Tennes- 


Corn,  Middle  West. 

Meal,  cream 

MiU  No.  29,  Wiscon- 
sin— 

Com 

Meal,  cream 


P.ct 
16.28 
13.08 

13.92 
16.17 

17.11 

14.58 

17.38 
14.44 

17.32 
13.85 

16.24 
13.97 

16.09 
18.28 

14.71 
13.78 

12.92 
12.83 

14.87 
12.81 

15.19 
13.77 

16.19 
14.78 


13.25 
13.56 


14.10 
14.08 
13.59 


13.87 
12.41 


12.63 
12.54 


12.74 
11.97 


17.83 
15.18 


{Maximum... 
Minimum... 
Average 

Yellow  com  and  meal: 
Mill  No.  30,  Iowa- 
Corn  

Meal,  fine 

Meal,  granular 


P.et. 
8.41 
6.56 

8.63 
6.63 

8.16 
5.81 

8.25 
6.16 

8.50 
7.50 

8.81 
7.19 


P.et. 

3.39 

.99 

3.55 
.80 


P.et. 
68.72 
78.40 

70.49 
75.36 


3.37  68.12 
1.15  n.35 


8     8.50 
8     7.00 


19. 


21.1 
14.7 


27.0 
20.2 
22.3 


26.0 
17.5 


24.2 
18.7 


21.0 
15.4 


26.1 
15.6 


8.31 
6.28 


8.59 
7.97 


8.75 
8.84 


8.81 
7.47 


8.00 
6.81 


8.81 
5.91 


8.56 
6.65 
6.66 


3.34 
1.28 

3.26 

.87 

3.17 
.75 

3.77 
1.22 

3.68 
1.43 

3.70 
1.54 

3.58 
2.08 

3.54 
1.80 

3.52 
1.60 


3.77 
1.45 


3.56 
1.75 
2.04 


7.97     8.60  71.26 


6.84 


8.31 
7.72 


9.22 
7.4 


3.67 
2.31 


4.72 
1.44 


8.50     3.28 
6.56 


18.28 
11.97 
13.98 


23.0 
10.6 
17.0 


8.84 
5.81 
6.95 


2.31 

.70 

1.43 


17.92 
16.18 
15.54 


20.8 
14.5 
14.0 


8.31 
6.63 
7.94 


3.77 
.75 
.33 


67.86 
77.06 


67.75 
76.85 


68.54 
77.07 


68.45 
72.41 


70.04 
77.35 


71.47 
76.39 


69.47 
74.59 


69.20 
75.64 


P.et. 

2.00 

.62 

2.19 
.67 

2.06 
.73 

2.00 
.67 

2.02 
.58 

2.02 
.61 

1.98 
.00 

2.09 
.68 

2.07 
.64 

1.99 

.87 

1.92 


P.ct. 
1.20 
.35 

1.22 
.37 

1.18 


1.17 


1.15 


1.22 
.41 


1.21 
.49 


1.17 

.48 


1.25 
.63 


1.34 
.81 


1.34 
.63 


69.10 
75.58 


70.88 
77.86 


70.48 
76.12 
76.25 


2.00  77.48 


72.16 
75.74 


70.43 

77.87 


67.24 
76.46 


1.96 
.70 


2.06 
.72 


2.11 

.77 
.80 


2.08 
.60 


2.06 
.96 


1.23 
.53 


1.23 


22.7 
12.2 


21.5 
15.7 


28.7 
18.2 


23.9 
13.9 


22.9 
15.6 


26.9 
18.2 


33.1 
25.5 


24.9 

26.7 


26.5 
21.7 


30.3 
24.7 


28.4 
16.8 


27.8 
22.3 


24.4 


.50  17.1 


1.19 
.63 

.66 


1.22 


31.4 
23.6 
25.8 


30.2 


67  20.0 


1.17  27.7 


.73 


21.4 


1.72  1.17  24.1 


.72 


2.03 
.73 


.53 


1.12 
.37 


17.5 


31.7 
18.4 


P.ct 
10.03 
7.54 

10.02 
7.90 

9.84 
6.80 

9.96 
7.18 

10.25 
8.69 

10.52 
8.36 

10.13 
8.57 

9.74 
7.29 

9.87 
9.14 

10.28 
10.14 

10.39 


9.54 
7.99 


10.16 
6.83 


9.97 
7.75 
7.70 


9.25 
7.81 


9.51 

8.82 


10.56 
8.48 


10.34 
7.73 


P.et. 
4.04 
1.14 


78.40 
72.41 
76.42 


.90 

.58     .35 


.70 


.5S 


26.7 
12.2 
19.7 


10.14 
6.80 
8.07 


66.72 
75.63 
75.49 


2.09 
.55 
.46 


1.19 
.26 
.24 


25.2 
17.3 
16. 6i 


10.12 
7.91 
9.40 
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4. — Campogition  of  deqerminated,  bolted,  roller-ground  meal  and  of  com  from 
which  tneal  was  milled — Continued. 


Analysis  as  received. 

Analysis  calculated  to 
free  basis. 

moisture- 

Product. 

t 

1, 

i 

i 

£3  Si 

1 

1 

t 

•gx 

IS 

:- 

«a 

1 

A 
-^ 

1 
< 

i 

tl 

5z; 

• 

i 

jom  and  meal— 

inued. 

o.  18,  Iowa— 
,  Middle  West.. 

P.ct 

P.ct. 

P.et, 

P.  a. 

P.et, 

P.ct, 

p.ct. 

p.ct. 

p.ct. 

P.ct 

p.ct. 

16.75 

19.7 

8.53 

3.68 

67.63 

2.14 

.27  1 

23.6 

10.25 

4.42 

81.24 

2.57 

1.52 

.cream 

17.86 

19.0 

7.37 

1.47 

71.98 

.72 

.61 

23.1 

8.98 

1.79 

87.62 

.88 

.73 

D.31,Michiean- 
,  Middle  West.. 

12.73 

21.9 

8.97 

3.77 

71.16 

2.12 

1.26 

25.1 

10.27 

4.34 

81.63 

2.43 

1.43 

,  cream 

13.33 

19.2 

7.60 

1.81 

76.02 

.69 

.66 

22.2 

8.66 

2.09 

87.72 

.79 

.75 

0  32,  Michigan— 

,  Middle  West. . 

14.87 

23.0 

8.34 

3.72 

69.53 

2.24 

1.30 

27.1 

9.80 

4.37 

81.67 

2.63 

1.58 

I,  granular 

No.    24,    New 

14.71 

17.9 

7.47 

.78 

75.97 

.59 

.48 

21.0 

8.75 

.92 

89.06 

.69 

.56 

M-k— 

,  Middle  West.. 

12.91 

25.6 

8.72 

3.88 

70.86 

2.29 

1.34 

29.3 

10.01 

4.46 

81.37 

2.63 

1.64 

.table 

Jo.  33,  Wisoon- 

13.01 

19.7 

8.63 

1.40 

75.64 

.76 

.66 

22.7 

9.92 

1.61 

86.96 

.87 

.64 

i — 

I,  Dakota. 

16.87 

31.0 

8.66 

3.60 

67.65 

2.10 

1.13 

37.3 

10.29 

4.44 

81.39 

2.52 

1.36 

L,  granular. 

14.12 

16.2 

8.00 

.69 

76.40 

.69 

.30 

18.8 

9.32 

.69 

88.96 

.69 

.35 

I,  bolted 

14.88 

15.7 

6.63 

.82 

76.64 

.69 

.34 

18.4 

7.79 

.96 

90.04 

.81 

.40 

Maximum. . . 

17.85 

19.7 

8.63 

1.81 

76.64 

.76 

.66 

23.1 

9.92 

2.09 

90.24 

.88 

.75 

eal-  Minimum. ... 

13.01 

14.0 

6.63 

.33 

71.98 

.46 

.24 

16.6 

7.79 

.39 

86.96 

.55 

.27 

A^nxtLgt ..'.'. 

14.96 

17.0 

7.« 

.99 

7i.4S 

.C3 

.43 

90.0 

8.84 

1.17 

88.76 

.74 

.60 

D  analyses  calculated  to  the  moisture-free  basis  show  that  the 
ss  invariably  yielded  a  meal  containing  less  acidity,  protein, 
ber,  and  ash,  as  well  as  more  nitrogen-free  extract  than  the  com. 
•ange  in  acidity  of  the  white  meal  is  from  10.6  to  23,  and  of  the 
w  meal  from  14  to  19.7,  in  all  cases  calculated  to  the  material 
reived. 

e  fact  that  the  acidity  and  fat  are  much  lower  than  in  the  com 
s  superior  keeping  qualities.  The  tendency  to  spoilage  is 
er  diminished  by  drying,  at  least  during  the  winter  and  spring 
L  the  corai  carries  an  excessive  amount  of  moisture.  Without 
ig  the  meal  may  contain  even  more  moisture  than  the  com, 
X)  the  tempering  with  steam  or  water  to  facilitate  separation  of 
;erm  and  bran.  The  keeping  qualities  of  meal  of  this  type  are 
er  brought  out  in  the  experiments  described  on  subsequent 
5  (see  Tables  8,  10,  12,  and  14). 

LOW  GRADE  OH  "STANDARD"  TABLE  MEAL. 

lalyses  of  low  grade  or  *' standard''  table  meal  and  of  the  com 
which  the  meal  was  milled  appear  in  Table  5.  This  type  of 
is  a  by-product  of  mills  producing  a  higher  grade  of  meal  or 
or  both  and  is  intermediate  between  such  products  and  the  feed. 

e  it  diflFers  greatly  in  composition,   the  average  amounts  of 
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acidity,  protein,  fat,  fiber  and  ash  are  more  and  of  nitrog 
extract  less  than  in  cream  meal.  As  compared  with  the  coi 
sometimes  richer  and  sometimes  poorer  in  fat.  This  ''sta: 
meal  is  consumed  lai^ely  by  the  poorer  classes  in  the  South. 

Table  5. — Composition  of  low  grade  (^^atarulard")  table  meal  and  ofcomfr 
the  meal  vxu  milled  wiUi  removal  of  grits  or  high  grade  meal  and  feed. 


Product. 


Analysis  as  received. 


1^ 


Analysis  calculated  to  mi 
basis. 


2z 

I- 


White  com  and  meal; 

MiU  No.  19.  Maryland- 
Corn,  Middle  West.. 
Meal,  standard 

MiU  No.  U,  Missouri- 
Corn 

Meal,  standard 

MiU  No.  22,  Missouri- 
Corn,  Middle  West.. 
Meal,  standard 

MUl  No.  23,  Missouri- 
Corn 

Meal,  standard 

Mfll  No.  37.Tennessee— 
Com,  lUlnois.. 
Meal,  standard 

MUl  No.  26,Tennesse^- 
Com,  Illinois.. 
Meal,  standard 

MUl  No.  27,  T( 

Com 

Meal,  standard 

MUl  No.  28,  T< 

Com 

Meal,  standard 

Saximum. 
inimum.. 
verago... 


P.ct. 
14.71 
14.65 

15.83 
10.01 

15.19 
11.51 

16.19 
13.42 

12.60 
14.08 

13.87 
12.10 

12.63 
12.03 

12.74 
11.56 


14.65 
10.01 
18.41 


21.2 
26.2 


21.3 
24.1 


24.2 
21.8 


23.3 
20.8 


24.7 
44.5 


26.0 
19.7 


24.2 
23.2 


21.0 
21.5 


44.5 
19.7 
26. 


P.ct. 
8.31 
7.06 

8.78 
9.97 

8.81 
8.59 

8.00 
8.15 

8.34 
9.15 

7.97 
7.94 

8.31 
8.62 

9.22 
9.90 


P.  a 
8.68 
2.83 

3.67 
4.34 

3.54 
3.36 

3.52 
3.96 

3.73 
5.26 

3.60 
3.48 

3.67 
3.61 

4.72 
4.32 


P.ct. 
70.04 
73.81 

68.65 
72.31 

69.20 
74.39 

69.10 
7Z05 


P.ct 
2.09 


1.84 
1.80 


P.ct. 
1.17 
.85 

1.23 
1.57 


24.9 
30.7 


25.3 


P.ct 
9.74 
8.27 

ia44 


26.7  1L07 


1.92  1.34 
.99  1.16 


1.961  1.23 
1.12.  L30 


72.06     2.00'  1.27 
68.26     1.74   1.56 


71.26 
74.33 


28.4 
24.6 


10.39 
9.72 


27.8     9.54 
24.0     9.42 


P.ct 
4.31 
3.31 

4.36 
4.82 

4.17 
3.80 

4.20 
4.58 


P.ct 
82.13 
86.48 

81.56 
8a3' 

81.59 
84.05 

82.45 
83.20 


28.3 


9.55 


2.08 


72.16 
73.15 


7a  43 
71.40 


51.8  ia65 


4.27   82.44 


1.22 
1.17 


2.06"  1.17 
1.44   1.15 


1.72 
1.29 


1.1 
1.53 


30.2 
22.5 


27.7 
26.4 


24.1 
24.3 


9.25 
9.03 


9.51 
9.79 


ia56 
11.20 


6.12 
4.19 


79.40 
82.73 


3.96  84.56 
4.20  82.59 


4.10 
5.41 


83.16 
8a  72 


4.88  8a73 


9.97 
7.05 
8.67 


6.26 
2.83 
3.89 


74.39 
68.26 
72.48 


1.8d  1.57 
.80  .^^ 
1.27  L  28 


5ai 
22.5 
28.9 


11.20 
8.27 
9.89 


6.12 
3.31 
4.16 


86.48 
79.40 
82.74 


GRITS. 


Table  6  shows  the  composition  of  five  samples  of  table  grits 
samples  of  brewers'  grits  taken  from  mills  in  the  Middle  West 
difference  in  composition  between  the  two  classes  lies  chieflj 
lower  percentage  of  fat  in  the  brewers'  grits. 
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Product. 


Analysis  of  original  material. 


1^ 


Analysis  calculatod  to  moisture- 
free  basis. 


r- 


Table  grits: 
Mill  No.  15,  Indiana... 
Mill  No.  16,  Indiana... 

Mill  No.  17,  Iowa 

Mill  No.  11,  Missouri.. 
Mill  No.  23,  Missouri.. 

Maximum 

Minimum 

Aterage  

Brewers'  grits: 
MillNo.l2,niinois.... 
MUl  No.  13,  Illinois.... 

Mill  No.  14,  Illinois 

MillNo.  41, Indiana... 
Mill  No.  22,  Missouri... 
Mill  No.  29,  Wisconsin. 

M*^^TWUni 

Minimum 

Average 


P.et. 
14.12 
14.12 
14.20 
10.92 
12.53 


15.0 
16.2 
15.6 
18.3 
14.3 


P.et. 
7.41 
7.47 
8.60 
9.28 
8.13 


P.et. 
0.86 

.;3 

.85 
2.32 
1.68 


P.et. 
76.64 
76.70 
75.40 
75.68 
76.28 


P.et. 

0.61 
.62 
.58 
.88 
.79 


P.et 
D.36 
36 
47 
92 
59 


17.6 
18.9 
18.2 
20.5 
16.3 


P.et. 
&63 
8.09 
9.91 

ia40 
9.29 


P.et. 

1.00 

.85 

.99 

2.61 

1.92 


P.et, 
89.24 
89.32 
87.87 
84.97 
87.22 


P.et. 

a  71 
.72 
.68 
.99 
.90 


P,ct. 
a  42* 
.42 
.65 
1.08 
.67 


14.20 
ia92 
IS.  18 

13.42 
15.87 
14.11 
15.63 
13.80 
16.12 


18.3 
14.3 
U.» 

13.1 
23.9 
14.8 
15.7 
14.1 
16.8 


9.28 
7.41 
8.16 

7.78 
7.75 
7.12 
7.56 
8.22 
7.84 


2.32 

.73 

1.89 

.43 
.72 
.75 
.69 
.72 
.72 


76.70 
75.40 
78.18 

77.60 
74.63 
77.03 
75.28 
76.34 
76.22 


.58 
.70 

.64 
.67 
.65 
.52 
.59 
.78 


20.6 
16.3 
18.8 

15.1 
28.3 
17.2 
18.6 
16.3 
19.8 


10.40 
8.63 
8.88 

8.98 
9.21 
8.29 
8.95 
9.54 
9.23 


2.61 

.86 

1.47 

.60 
.86 
.87 


.86 


89.32 
84.97 
87.78 

80.62 
88.70 
89.69 
89.26 
88.56 


.99 


.63 
.80 
.76 
.61 

.86 


1.08 
.42 
.88 

.27 
.43 
.40 
.37 
.39 
.44 


15.87 
13.42 
14.88 


23.9 
13.1 
16.4 


8.22 
7.12 
7.71 


77.60 
74.63 
78.01 


.73 
.52 

.88 


28.3 
15.1 
18.8 


9.54 
8.29 
8.08 


.87 
.60 
.78 


89.60 
88.56 
89.08 


.61 
.71 


.44 
.27 
.88 


As  shown  by  the  analyses  in  Table  1,  grits  contain  less  fat,  fiber 
and  ash,  but  more  protein  than  meal  of  the  same  mill  run,  although 
the  difference  is  not  always  well  marked,  especially  as  much  of  the 
cream  meal  may  be  classed  as  a  kind  of  fine  grits. 

SPOILAGE  OF  MEAL. 

It  is  well  recognized  that  spoiled  com  should  not  be  used  for  table 
meal  and  that  when  good  com  is  used  the  com  or  the  product  should 
be  dried  to  insure  keeping.  Spoilage  is  most  common  during  the 
spring  which  is  designated  by  the  trade  as  the  ''germinating  seaspn." 
At  this  season  when  the  whole  kernel  is  ready  to  germinate  it  is 
reasoned  that  the  germ  tissues  in  the  meal  also  show  a  tendency 
toward  activity.  The  relation  of  season  to  spoilage  is  more  probably 
that  of  temperature.  Meal  should  keep  through  the  germinating 
season  if  held  in  cold  storage.  On  the  other  hand,  it  will  spoil  in  the 
winter  months  if  it  contains  an  excess  of  moisture  and  is  kept  in 
warm  storage.  That  the  presence  of  the  germ  in  the  meal  increases 
the  tendency  to  spoilage  has  been  known  in  a  general  way  to  the  trade 
and  has  been  emphasized  by  Schindler,  Black,  and  Alsberg  and  other 
investigators. 

Other  things  equal,  grits  keep  better  than  meal,  and  meal  made 
from  the  homy  part  of  .the  kernel  better  than  that  containing  the 
floury  part.  Evidently  the  mechanical  condition  as  well  as  the 
composition  is  an  important  factor  in  determining  the  keeping 
qualities. 
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RELATION  OF  MOISTURE  CONTENT  TO  KEEPING  QUALITY  C 
DEGERMINATED  BOLTED  ROLLER-GROUND  MEAL. 

These  experiments  were  carried  on  in  two  series,  the  first  wii 
lots  and  the  second  with  carioad  lots.  The  meal  used  in  both 
was  ground  during  the  month  of  May,  1913,  at  the  mill  of  the  I 
can  Hominy  Company,  Terre  Haute,  Indiana.  Each  lot  of  mei 
divided  into  two  parts,  one  of  which  was  shipped  to  Sava 
Georgia,  the  other  to  Chicago,  Dlinois.  At  both  places  the  mei 
stored  in  public  warehouses  designed  for  products  of  this  n 
sample  bags  being  withdrawn  from  month  to  month  for  ch< 
analysis  and  tests  as  to  quality.  The  analyses  of  the  meal  as  g 
wrero  made  at  the  Chicago  Food  and  Drug  Inspection  Laborato 
w^ere  also  the  analyses  at  the  end  of  each  period  of  the  meal  sto 
that  center.  Analyses  of  the  meal  stored  at  Savannah  were  mj 
the  Government  food  laboratory  located  in  that  city.  In  addit 
the  usual  chemical  determinations,  the  general  appearance  c 
qjeal  and  the  taste  and  flavor  of  the  mush  prepared  from  the 
ivere  noted. 


STORAGE  EXPERIMENTS  WrFH  TON  LOTS  OF  MEAL  MILLED  MAY  7,  1912 

DESCRIPTION  AND  ANALYSES   OP  THE   MEAL  AS  MILLED. 

Five  lots  of  1  ton  each  were  miUed  to  contain  percentages  of 
bure  ranging  from  11.41  to  16.86.  Since  the  corn  used,  owing  1 
jood  quality  of  the  crop  of  1912  and  the  lateness  of  the  seasoi 
5uite  dry,  the  meal  ground  without  any  drjdng  whatever  (1 
contained  only  15.04  per  cent  of  moisture.  In  order  to  secure  o 
with  a  higher  moisture  content,  such  as  would  have  been  pres< 
indried  meal  milled  earlier  in  the  season,  water  in  addition  1 
imount  usually  employed  for  tempering  was  added  to  the  coir 
this  manner  the  percentage  of  moisture  in  lot  A  was  raised  to 
[t  was  recognized  that  meal  thus  prepared  was  not  strictly  com 
3le  with  that  made  without  the  addition  of  water  from  com  i? 
ligher  moisture  content,  and  due  allowance  was  made  in  interp] 
ihe  results.  . 

Table  7. — Compoaition  of.  tan  lots  o/  degerminatedy  bolted^  roller-ground  oorr 
containing  different  amounts  of  moisture^  as  milled  May  7,  1913^  for  use  in 
experiments. 


Product. 


Mois- 
ture. 


Acid- 
ity. 


Protein 
(NX6.25). 


Fat. 


Nitrogen- 
free 
extract. 


Crud 
fibei 


feal  as  milled: 

Lot  A ,  undried ,  water  added . 

Lot  B ,  undried 

Lot  C,  medium  dried 

Lot  D,  medium  dried 

Lot  E, high  dried 

[oisture-free  meal: 

Lot  A ,  undried,  water  added . 

Lot  B ,  undried 

Lot  C,  medium  dried 

Lot  D,  medium  dried 

Lot  E, high  dried 


Per 
cent. 
16.86 
15.04 
13.41 
13.27 
11.41 


14.7 
14.0 
14.1 
13.4 
1L9 

17.7 
16.5 
16.3 
15.5 
13.4 


Percent. 
6.53 
6.50 
6.09 
6.66 
6.72 

7.85 
7.65 
7.73 
7.68 
7.68 


Per 
cent. 
0.71 

.94 
LOS 

.80 
1.32 

.86 
Lll 
L21 

.92 
1.49 


PereerU. 
75.13 
76.65 
77.87 
78.32 
79.47 

90.36 
90.22 
89.92 
90.30 
89.71 


Pa 

cent 

0.4 

.5 


.5 
.6 
.6 
.6 
.7 
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Lots  C,  D,  and  E  were  dried  to  diflferent  degrees,  the  meal  contain- 
ing 13.41,  13.27,  and  11.41  per  cent  of  moisture,  respectively.  It 
should  be  noted  that  lots  C  and  D  contained  practically  the  same 
amount  of  moisture  and  might  be  regarded  as  duplicates  were  it  not 
that  lot  C  was  somewhat  richer  in  fat  and  therefore  more  susceptible 
to  spoilage. 

Part  of  each  lot  was  packed  in  100-poimd  and  part  in  25-poimd  cot- 
ton bags,  the  weight  in  each  case  being  accurately  determined  by 
standard  scales.  It  was  believed  that  the  gain  or  loss,  in  moisture 
during  storage  would  furnish  useful  data  in  connection  with  the  net 
weight  amendment  of  the  Food  and  Drugs  Act,  as  well  as  for  the 
special  purposes  of  this  investigation. 

SHIPMENT  AND  STORAGE. 

Shipment  was  made  to  Chicago  and  Savannah  in  ordinary  freight 
cars  with  the  larger  lots  of  meal  of  the  next  series  of  experiments. 
The  warehouse  in  Chicago  was  several  stories  high  and  of  fireproof 
construction.  The  windows  admitted  some  air  but  little  sunlight, 
and  the  temperature  responded  slowly  to  outside  changes.  The 
Savannah  warehouse  was  three  stories  high  with  board  floors,  and 
was  exceptionally  Ught  and  airy,  the  temperature  of  the  air  within 
and  without  being  practically  the  same.  Each  lot  of  bags  was  sep- 
arately pUed,  care  being  taken  not  to  allow  those  with  an  extreme 
moisture  content  to  come  in  contact  with  one  another. 

ANALYSES  AND  TESTS  OF  THE  STORED  MEAL. 

The  results  of  determinations  of  moisture,  acidity,  fat,  and  protein 
contents  made  at  the  end  of  each  four  weeks'  period  are  given  in 
Table  8.  This  table  also  gives  notes  as  to  the  physical  condition  and 
permits  comparison  of  the  loss  in  weight  and  loss  in  moisture.  The 
same  general  results  were  obtained  at  both  Savannah  and  Chicago, 
and  with  both  100  and  25-poimd  bags. 

Moisture. — ^Lots  A  and  B  show  a  steady  loss  of  moisture  and  lot  E  a 
steady  gain,  while  lots  C  and  D  remain  practically  constant.  The 
changes  in  weight  in  most  cases  follow  closely  the  changes  in  moisture. 

Acidity. — ^Lots  D  and!  E  in  no  case  reached  the  limit  30,  and  lot  C 
just  barely  reached  that  limit  after  several  months'  storage.  Lot  B 
slightly  exceeded  the  limit  after  16  weeks'  storage,  and  lot  A  exceeded 
the  limit  in  12  weeks. 

Fat. — There  was  no  marked  change  except  in  the  case  of  lot  A 
where  the  percentage  of  fat  diminished  as  the  acidity  increased. 

Protein. — ^No  significant  change  took  place. 

Taste  and  appearance. — Lot  A  was  found  to  be  musty  after  20  week?' 
storage.     No  deterioration  was  detected  in  any  of  the  other  samples. 
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A.BLE  8. — Analyses  of  degerminated,  bolted,  roller-ground  com  meal  containing  d 
amounts  ofirunsture,  sfuywrng  changes  during  storage;  ton  lots,  milled  May  7,  li 


Stored  in  lOOiwund  bags. 

Product. 

Mois- 
ture. 

Acid- 
ity. 

Protein 
(NX6.26). 

Fat. 

caiange 

in 
weight. 

Chance 

mois- 
ture. 

eal  stored  at  Chicago: 
Lot  A .  undried,  water  added— 

When  milled 

Per 

cent. 

16.86 

15.72 

15.60 

15.52 

14.92 

14.75 

14.24 

15.04 
14.57 
14.61 
14.78 
14.42 
14.32 
13.97 

13.41 
13.39 
13.57 
13.98 
13.65 
13.76 
13.50 

13.27 
13.37 
13.69 
13.86 
13.66 
13.58 
13.36 

11.41 
12.15 
12.58 
12.87 
12.55 
12.80 
12.63 

16.86 
14.92 
13.48 
13.18 
13.21 
13.76 
13.85 

15.04 
14.25 
13.04 
12.77 
12.86 
13.54 
13.73' 

13. 41 
13.10 
12.25 
12.04 
12.59 
13.46 
13.22 

13.27 
13.15 
12.56 
12,43 
12.83 
13.08 
13.15 

14.7 
20.5 
25.5 
35.6 
43.2 
44.3 
89.8 

14.0 
18.5 
23.7 
28.0 
29.7 
31.3 
3L0 

14.1 
18.0 
23.5 
28.0 
29.2 
29.8 
29.7 

13.4 
16.5 
20.0 
22.5 
23.4 
23.6 
21.7 

n.9 

14.5 
19.0 
23.0 
23.7 
24.3 
23.2 

14.7 
27.0 
30.0 
31.0 

33;1 
26.5 
26.0 

14.0 
24.2 
25.0 
26.0 
32.8 
24.5 
25.5 

14.1 
24.0 
24.0 
23.5 
31.9 
23.5 
24.0 

13.4 
20.0 
20.0 
2L0 
25.8 
19.5 
18.2 

Percent. 
6.53 

Per 
cent. 
0.71 
.74 
.67 
.65 
.42 
.39 
.44 

.94 
.95 
.93 
.97 
.91 
.85 
.87 

1.05 
1.03 
1.08 
1.11 
1.02 
1.02 
1.03 

.80 
.76 
.82 
.80 
.79 
.73 
.74 

L32 
1.30 
1.32 
1.30 
1.24 
1.29 
L25 

.71 
.66 
.70 
.56 
.63 
.50 
.49 

.94 
.96 
.98 
1.01 
.94 
.96 
.94 

1.05 
1.03 
1.05 
1.13 
1.05 
1.07 
L18 

.80 
.80 
.79 
.87 
.77 
.75 
.85 

Per 
cent. 

Per 
eciU. 

Stored  4  weeks 

-0.50 
-1.47 
-1.83 
-2.79 
-2.51 
-2.96 

-1.14 
-1.36 
-1.34 
-1.94 
-2.11 
-2.62 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

Stored  20  weeks  

6.37 
6.81 

6.50 

Stored  24  weeks 

LotB.undried— 

men  milled 

Stored  4  weeks 

-  .12 
+  .28 

-  .33 

-  .06 

-  .47 

-  .43 

-  .28 

-  .62 

-  .72 
-1.07 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

Stored  20  weeks    

6.38 
6.50 

6.69 

Stored  24  weeks 

Lot  C,  medium  dried— 

when  milled 

Stored  4  weeks 

+  .15 
+  .10 
+  .18 
+  .26 

-  .02 
+  .16 
+  .67 
+  .24 
+  .35 
+  .09 

Stored  8  weeks 

Stored  1 2  weeks 

Stored  16  weeks 

Stored  20  weeks 

6.78 
6.81 

6.66 

Stored  24  weeks  

Lot  D,  medhim  dried— 

When  milled 

Stored  4  weeks 

+  .12 

'  +  *.'63" 

'+.'22' 
+  .31 

+  .10 
+  .40 
+  .59 
+  .29 
+  .31 
+  .09 

Stored  8  weeks 

Stoi^  12  weeks. 

Stored  16  weeks 

Stored  20  weeks.' 

6.65 
6.72 

6.72 

Stored  24  weeks 

Lot  E,  high  dried— 

When  milled 

Stored  4  weeks 

+1.12 
+1.45 
+1.74 
+1.94 

+  .74 
+1.17 
+1.46 
+1.14 
+1.89 
+L22 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

Stored  20  weeks  

6.66 
6.60 

6.53 
7.08 
6.92 
6.83 
7.00 
6.94 
6.74 

6.50 
6.75 
6.66 
6.66 
6.57 
6.75 
6.64 

6.69 
6.76 
6.66 
6.92 
6.97 
6.83 
6.91 

6.66 
6.87 
6.66 
6.83 
6.62 
6.66 
6.74 

Stored  24  weeks 

eal  stored  at  Savannah: 
Lot  A,  undrfed,  water  added— 

Wlien  milled 

Stored  4  weeks 

-2.50 
-3.00 
-3.45 
-3.81 
-3.38 
-3.77 

-1.94 
-3.38 
-3.68 
-3.65 
-3.10 
-3.01 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks    *. 

Stored  20  weeks  

Stored  24  weeks  

Lot  B,  undriod— 

When  milled 

Stored  4  weeks 

-  .37 

-  .94 

■-i.'87" 
-1.28 
-1.56 

-  .79 
-2.00 
-2.27 
-2.18 
-1.60 
-1.31 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks '. . 

Stored  20  weeks  

Stored  24  weeks.  .• V. . . . 

Lot  C,  medium  dried— 

When  milled 

Stored  4  weeks 

-3.75 

-  .62 

-  .96 

-  .79 
+  .38 
-LU 

-  .31 
-L16 
-1.37 

-  .82 
+  .05 

-  .19 

Stored  8  weeks 

Stored  12  weeks  

Stored  16  weeks 

Stored  20  weeks 

Stored  24  weeks ■ 

Lot  D,  medium  dried— 

When  milled 

Stored  4  weeks 

+  .19 

-  .26 

-  .19 

-  .19 
+  .34 
-L61 

-  .12 

-  .n 

-  .84 

-  .44 

-  .19 

-  .12 

Stored  8  weeks 

Stored  12  weeks. 

Stored  16  weeks ..... 

Stored  20  weeks , 

Stored  24  weeks 
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Table  8. — Analyses  of  degerminated,  bolted^  roller-ground  com  meal  containing  different 
amounts  of  moisture ^  etc. — Continued. 


Stored  in  100-pound  bags. 

Product. 

Mois- 
ture. 

Acid- 
ity. 

Protein 
(NX6.25). 

Fat. 

Change 

In 
weight. 

Change 
in 
mois- 
ture. 

Taste 
and 
appear- 
ance. 

Meal  stored  at  Savannah— Ck>ntinued. 
Lot  E,  high  dried— 

Whenmillod 

Per 

cent. 
11.41 
11.89 
11.51 
11.53 
12.66 
12.78 
12.56 

1L9 
19.0 
19.5 
20.5 
25.9 
19.5 
20.0 

Percent. 
6.72 
6.55 
6.39 
6.75 
6.79 
6.79 
6.64 

Per 
cent. 
L32 
1.25 
1.30 
1.37 
1.29 
L25 
1.35 

Per 
cent. 

Per 
cent. 

Stored  4  weeks 

+L13 

+  .48 
+  .10 
+  .14 
+1.25 
+1.37 
+1.15 

Stored  8  weeks 

Stored  12  weeks 

+1.38 
-1-1.34 
+  .34 
+1.78 

Stored  16  weeks  

Stored  20  weeks 

Stored  24  weeks  

Stared  in  25-pound  bags. 

Prodact. 

Mois- 
ture. 

Acid- 
ity. 

Protein 
(NX6.25). 

Fat. 

Change 

in 
weight. 

Change 

in 
mois- 
ture. 

Meal  stored  at  Chicago: 

Lot  A,  uhdrled,  water  added— 

Wnen  milled 

Per 

cent. 

16.86 

16.00 

15.39 

15.16 

14.37 

14.30 

13.84 

15.04 
14.52 
14.52 
14.55 

14.7 
20.6 
25.7 
31.3 
32.5 
31.7 
32.0 

14.0 
18.5 
24.3 
28.3 
30.2 
29.6 
30.2 

14.1 
18.5 
23.5 
28.0 
28.7 
29.8 
30.0 

13.4 
16.0 
20.0 
23.0 
23.2 
23.3 
22.0 

U.9 
15.0 
19.0 
23.0 
23.7 
24.3 
25.0 

14.7 
29.6 
28.6 
31.0 
34.7 
28.5 

Per  cent. 
6.63 

Per 

cent. 

0.71 
.70 
.72 
.73 
.59 
.60 
.63 

.94 
.97 
.90 
.91 
.89 
.94 
.93 

1.05 
1.03 
1.06 
LIO 
1.02 
L02 
1.01 

.80 
.80 
.75 
.81 
.75 
.81 
.74 

L32 
1.29 
1.22 
1.36 
1.24 
L30 
1.28 

.71 
.62 
.65 
.60 

.48 
.48 

Per 

cent. 

r.... 

Per 
cent. 

Stored  4  weeks 

-1.04 
-L83 
-2.61 
-3.28 
-3.59 
-3.39 

—0.86 

Stored  8  weeks 

—1.47 

Stored  12  weeks 

-1.70 

Stored  16  weeks 

-2.49 

Stored  20  weeks 

6.88 
6.91 

6.50 

-2.66 

Stored  24  weeks 

-3.02 

Lot  B,  undried- 

When  milled      

Stored  4  weeks 

-  .26 

-  ,39 

-  .66 
-1.31 
-1.50 
-1.57 

-  ,62 

Stored  8  weeks  

—  .62 

Stored  12  weeks 

-  .49 

Stored  16  weeks    

13. 7S 

6.'47' 

6.69 

6.69 

—1.26 

Stored  20  weeks 

13.89 
13.64 

13.41 
13.44 
13.67 
13.88 
13.51 
13.47 
13.22 

13.27 
13.38 
13.57 
13.71 
13.23 
13.42 
13.22 

11.41 
12.22 
12.68 
13.08 
12.66 
12.73 
12.56 

16.86 
14.96 
13.33 
13.06 
13.46 
14.06 

-1.16 

Stored  24  weeks     

—1.40 

Lot  C,  medium  dried— 

When  milled 

Stored  4  weeks 

+  .73 
+  .59 
+  .66 
+  .13 
-  .06 
+  .69 

+  .03 

Stored  8  weeks 

+  .26 

Stored  12  weeks 

+  .47 

Stored  16  weeks     

+  .10 

Stored  20  weeks 

6.72 
6.75 

6.66 

+  .06 

Stored  24  weeks     

-  ;w 

Ix)t  D,  medium  dried— 

Wnen  milled 

Stored  4  weeks 

+  .78 
+  .26 

-  .07 
.00 

-  .20 
+  .20 

+  .11 

Stored  8  weeks 

+  .30 

Stored  12  weeks 

+  .44 

Stored  16  weeks 

-  .04 

Stored  20  weeks 

6.66 
6.97 

6.72 

+  .16 

Stored  24  weeks 

-  .05 

Lot  E.  high  dried— 

Wnen  milled 

Stored  4  weeks  

+L30 
+1.50 
+1.37 
+1.31 
-  .46 
+  1.95 

+  .81 

Stored  8  weeks  

+1.27 

Stored  12  weeks 

+1.67 

Stored  16  weeks      

+1.26 

Stored  20  weeks 

6.59 
6.59 

6.53 
7.06 
6.92 
6.92 
6.73 
6.66 

+  1.32 

Stored  24  weeks 

+1.15 

Meal  stored  at  Savannah: 

Lot  A,  undried,  water  added— 

When  milled 

•    Stored  4  weeks 

-2.47 
-3.78 
-4.29 
-4.17 
-3.90 

-1.90 

Stored  8  weeks 

-3.63 

Stored  12  weeks 

-3.78 

Stored  16  weeks    

-3.40 

Stored  20  weeks 

-2.80 

Stored  24  weeks 

.. 
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f  degerminatedj  bolted,  roller-ground  com  meal  containing  d 
amounU  of  moisture,  etc.— Continued. 


Stored  in  26-poimd  bo^. 

act. 

Mob- 
ture. 

Acid- 
ity. 

Protein 
(NX0.26). 

Pat. 

rhftiiM 

weight. 

Continued. 

Per 

cent. 

15.04 

14.09 

12.83 

12.39 

13.60 

13.88 

14,0 
24.0 
25.0 
20.0 
31.7 
23.6 

Percent. 
0.50 
0.69 
0.00 
0.76 
0.09 
0.54 

Per 

cent. 

0.04 

.93 

1.03 

1.00 

.97 

.95 

Per 
cent. 

"-1.17' 
-1.70 
-2.08 
-5.47 
-1.89 

13.41 
13.27 
12.23 
12.02 
12.89 
13.73 

14.1 
23.6 
23.2 
25.2 
30.0 
26.5 

0.09 
0.73 
0.70 
0.75 

o.n 

0.83 

1.05 
1.05 
1.00 
1.10 
1.10 
1.06 

-'.'52' 
-1.79 

-  .37 

-  .00 
+  .07 

13.27 
13.13 
12.21 
12.20 
13.00 
13.09 

13.4 
20.0 
20.0 
20.2 
23.5 
18.6 

0.60 
0.81 
0.83 
0.92 
0.53 
0.00 

.80 
.82 
.85 
.85 
.81 
.81 

-.is" 

-  .65 

-  .78 

-  .58 

-  .26 

11.41 
12.18 
11.32 
11.02 
12.81 
13.10 

11.9 
1&5 
20.2 
20.0 
24.8 
21.0 

0.72 
0.50 
0.44 
0.50 
0.71 
0.54 

1.32 
1.31 
1.33 
1.33 
1.34 
1.34 

*+":3o' 

+  .91 
+  .80 
+1.04 
+1.50 

ENTS  WITH  CARLOAD  LOTS  OF  MEAL  MILLED  MAY  2S,  1! 

HON   AND  ANALYSES  OF  THE   MEAL  AS  MILLED. 

t  was  carried  out  with  carload  lots  (40  ton 
y  dried  meal.  The  meal  was  packed  in  100-p 
it  was  impracticable  to  mix  thoroughly  all  o 
one  ton  (20  bags)  was  taken  out  for  subsecj 
over  on  a  floor  with  a  shovel  imtil  uniform, 
these  bags  furnished  the  sample  at  the  end  of 
ihe  cities  where  the  meal  was  stored.  In  botl 
arehouse  these  sample  bags  were  kept  in  the  m 
ags  of  the  same  lot  on  all  sides.  Analyses  o: 
appear  in  Table  9. 

%  of  carload  lots  ofdegerminated,  bolted,  roller-ground  com  m 
itMmt  drying,  May  23,  1913,  for  use  in  storage  experiments 


• 

Mois- 
ture. 

Add- 

ity. 

Protein 
(NX6.25). 

Fat. 

Nltrogen- 

i^ee 
extract. 

Crude 
fiber. 

P.et. 
15.73 
9.86 

16.2 
13.0 

19.2 
14.4 

Percent. 
7.12 
7.46 

8.46 
8.28 

P.ct. 
L02 
L16 

L21 
L29 

Percent. 
75.19 
80.37 

80.22 
80.16 

P.cL 
0.51 

.07 

,01 

.74 
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SmPMBNT  AND  8TORAOB. 

Each  lot  was  divided  into  two  parts  and  the  two  half  lots  shipped 
in  the  same  car  with  the  meal  of  the  preceding  experiment  to  Savannah 
and  Chicago,  where  it  was  stored  as  already  described. 

ANALTSB8  AND  TESTS  OF  THE  STORED  HEAL. 

Determinations  of  moisture,  acidity,  fat,  and  protein  were  made 
at  intervals  of  four  weeks.  The  changes  in  weight,  taste,  and  ap- 
pearance were  also  recorded  (Table  ,10). 

Moisture, — Lot  A  showed  a  loss  in  moisture  which  was  somewhat 
greater  in  Savannah  than  in  Chicago,  due  either  to  the  hotter  climate 
or  to  the  nature  of  the  warehouse,  or  both.  Lot  B  gained  about  the 
same  amoimt  at  both  places.  The  gain  or  loss  of  moisture  was  prac- 
tically the  same  as  the  gain  or  loss  in  weight. 

Acidity. — Lot  A  reached  the  limit  30  in  12  weeks  at  Chicago,  and 
in  8  weeks  at  Savannah.  The  acidity  of  lot  B  after  24  weeks  was  only 
21.8  and  19.0,  respectively,  at  the  two  cities. 

Fat. — ^The  percentage  of  fat  in  lot  A  slowly  diminished  in  both  cities, 
but  that  of  lot  B  did' not  change  perceptibly.  Li  all'of  the  experi- 
ments, whenever  there  was  a  great  increase  in  acidity  or  spoilage, 
there  was  a  diminution  of  fat,  due  doubtless  to  the  formation  of  ether- 
insoluble  oxidation  products. 

Protein. — The  changes  were  insignificant. 

Taste  and  appearance. — In  no  case  was  there  evidence  of  spoilage, 

even  at  the  end  of  the  experiment. 

Table  10. — Analyses  of  deaerminated^  bolted,  roUer-ground  com  meal,  milled  with  and 
without  drying,  showing  Juinges  dunng  storage;  carload  lots,  milled  May  2S,  1913,  stored 
in  100-pound  bags. 


Product. 

Mois- 
ture. 

Acid- 
ity. 

Fat 

Protein 
(NX6.26). 

Change 

in 
weight 

Change 

in 
mois- 
ture. 

Taste 

and 

appear. 

anoe. 

Meal  stored  at  Chicago: 
Lot  A.  undried— 

"Wlien  milled 

P.et. 
15.73 
15.22 
15.68 
15.44 
14.70 
14.53 
14.20 

9.86 
9.90 
10.88 
ia94 
11.07 
11.20 
ia96 

15.73 
15.35 
14.16 
13.53 
13.70 
13.50 
13.23 

9.86 
10.25 

9.75 
ia30 
ia74 
11.22 
11.10 

16.2 
22.7 
28.1 
33.2 
4a7 
40.5 
42.4 

13.0 
15.6 
17.3 
18.7 
20.5 
2a8 
21.8 

16.2 
24.0 
32.5 
32.7 
32.8 
29.0 
32.0 

13.0 
15.0 
18.0 
19.0 
19.3 
16.5 
19.0 

PM. 

1.02 
.98 
.97 

1.00 
.78 
.81 
.74 

1.16 
1.18 
1.17 
1.25 
1.17 
1.16 
L18 

1.02 
1.06 
.99 
.92 
.91 
.84 
.90 

1.16 
1.33 
1.30 
1.29 
1.21 
1.27 
1.23 

Per  cent. 
7.12 

P.eL 

P.ct. 

Good. 

Stored  4  weeks 

-a  33 

-  .36 

-  .48 

-  .93 
-1.39 
-L64 

-a  61 
•-  .05 
-  .29 
-L03 
-1.20 
-1.53 

Do 

Stored  8  weeks 

Do 

Stored  12  weeks       

Do 

Stored  16  weeks 

Do 

Stored  20  weeks 

7.19 
7.22 

7.46 

Do. 

Stored  24  weeks 

Do 

Lot  B.  high  dried— 

When  milled 

Do 

Stored  4  weeks 

+  .36 
+  .95 
+  1.12 
+  1.48 
+  1.39 
+1.37 

+  .04 
+  1.02 
+  1.08 
+  1.21 
+  1.34 
+1.10 

Do. 

Stored  8  weeks  

Do 

Stored  12  weeks 

Do. 

Stored  16  weeks 

Do. 

Stored  20  weeks 

7.43 
7.63 

7.12 
6.87 
7.10 
7.01 
7.31 
6.91 
7.00 

7.46 
7.51 
7.63 
7.58 
7.56 
7.26 
7.18 

Do. 

Stored  24  weeks     

Do 

Lot  A.  undr ted- 
When  milled 

Do. 

Stored  4  weeks 

-  .61 
-1.08 
-1.80 
-2.30 
-2.83 
-3.55 

-  .38 
-1.57 
-2.20 
-2.03 
-2.23 
-2.50 

Do. 

Stored  8  weeks 

Do 

Stored  12  weeks 

Do. 

Stored  16  weeks 

Do. 

Stored  20  weeks 

Do. 

Stored  24  weeks 

Do. 

Lot  B,  high  drled- 

Wnen  milled 

Do. 

Stored  4  weeks 

+  .48 
+  1.23 
+  1.36 
+  .98 
+  1.86 
+  1.65 

+  .39 
-  .11 
+  .44 
+  .88 
+  1.36 
+  1.24 

Do. 

Stored  8  weeks 

Do. 

Stored  12  weeks 

Do. 

Stored  16  weeks 

Do. 

Stored  20  weeks 

Do. 

Stored  24  weeks 

Do. 
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CX>MPARATiyE  KEEPING  QUALTTT  OF  WHOLE-KERNEL  STONE-GR 
MEAL  AND  DEGERMINATED  BOLTED  ROLLER-GROUND  MEAJ 

In  this  investigation  a  comparison  in  regard  to  fat  conten 
made  of  the  keeping  quality  of  meal  of  the  extreme  types,  g 
from  the  same  com  and  containing  practically  the  same  amou 
moisture.  The  experiments  were  carried  out  in  two  series,  th( 
with  meal  milled  in  December,  in  parallel  lots,  dried  to  differei 
grees  so  as  to  contain  from  less  than  11  to  over  19  per  cent  of 
ture,  the  second  with  meal  groimd  in  April  without  drying. 

The  whole-kernel  meal  was  groimd  in  an  under-runner 
mortise-geared  buhr  mill  which  was  set  up  for  the  purpose  i 
Terre  Haute  plant  of  the  American  Hominy  Company.  The  mi 
adjusted  to  yield  a  fine,  soft  meal,  such  as  is  preferred  by  the  sou 
trade,  nothing  being  added  to  the  com  and  nothing  taken 
The  degerminated  meal  was  the  usual  somewhat  granular  prod 
the  mill  known  in  the  trade  as  ''cream  meal.''  The  corn  use 
No.  3  white  dent  of  the  crop  of  1913.  The  quaUty  was  quite 
much  inferior  to  that  of  the  preceding  year,  which  was  excepti^ 
good.  It  thus  appears  that  in  the  experiments  of  the  two  yea 
extremes  in  quality  were  encountered. 

In  all  the  experiments  the  stream  of  cleaned  com  was  divided 
going  to  the  roller  system  and  part  to  the  buhr  stones.  The  bag 
received  each  kind  of  meal  were  numbered  consecutively  and  th 
cess  so  regulated  that  the  meal  of  the  two  kinds  in  bags  bearii 
same  number  was  from  the  same  com.  As  the  capacity  of  the 
mill  was  much  less  than  that  of  the  roller  system  it  was  necessa 
draw  the  com  for  the  whole-kernel  meal  from  the  divided  strear 
bags  arranged  in  the  proper  order  and  continue  the  grinding, 
the  cream  meal  was  milled  and  sacked. 

As  in  the  experiments  of  the  preceding  year,  it  was  impract 
to  TTiiy  all  of  the  meal  in  each  lot.  Accordingly  ton  portions 
taken  out,  mixed,  analyzed,  and  bagged  in  specially  marked  s 
one  of  which  was  used  for  the  tests  at  the  end  of  each  storage  p 
Care  was  taken  that  these  sublets  for  sampUng,  representing  th 
kinds  of  meal  of  the  same  moisture  content,  were  from  the  bags 
ing  the  same  niunbers  and  therefore  were  comparable  not  only 
moisture,  but  also  as  to  corn. 

STORAGE  EXPERIMENTS  WFFH  PARALLEL  LOTS  OF  WHOLE-KERNEL  AND  DEI 
NATED  MEAL.  OF  DIFFERENT  DEGREES  OF  DRYNESS.  MILLED  DECEMBER, 

DESCRIPTION   AND  ANALYSES   OF  THE   MEAL  AS  MILLED. 

This  experiment  involved  the  serious  diflSculty  of  drying 
kinds  of  meal  of  each  pair  of  the  series  so  that  they  should  be 
as  to  corn  and  moisture.  As  the  drying  apparatus  of  the  ston 
tem  differed  from^that  of  the  roller  system  in  kind  and  capaci 
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was  only  after  repeated  trials  that  suitable  lots  were  secured.  A  labo- 
ratory was  set  up  at  the  mill.  Here  tests  for  moisture  and  acidity 
were  made  on  the  meal  immediately  after  millings  the  remainder  of 
the  analyses  being  finished  at  the  Chicago  Food  and  Drug  Inspection 
Laboratory. 

The  analyses  in  Table  11  represent  the  six  parallel  lots  finally  se- 
cured. It  will  be  noted  that  the  percentage  of  moisture  in  the  two 
kinds  of  meal  of  each  pair  are  reasonably  dose  together,  thus  permit- 
ting satisfactory  comparison  of  the  results  obtained  after  storage; 
furthermore,  that  the  range  in  moisture  (Jess  than  11  to  over  19  per 
cent)  is  sufficiently  great  to  cover  the  trade  conditions.  As  the  com 
varied  from  day  to  day,  it  was  f oxmd  impossible  to  keep  the  composi- 
tion of  the  meal  of  the  diflferent  lots  uniform.  This,  however,  seemed 
imnecessary  so  long  as  the  two  kinds  of  meal  of  each  pair  were  from 
the  same  com  and  of  practically  the  same  moistiure  content. 

Table  11. — Composition  of  carload  lots  of  com  meal  copiaining  different  amounts  of 
moisture^  as  milled  December,  1913,  and  used  in  storage  experiments. 


Prodaot. 


Whole-kernel,  stone-ground  meal. 


Moist- 
ure. 


Acid- 
itj. 


Protein 
(NX6.26). 


Fat 


Nitio- 
(!en-tree 
extract. 


Crude 
fiber. 


Ash. 


Meal  as  milled: 

Lot  A,  undriod , 

Lot  B,  extra  low  dried . . 

Lot  C,  low  dried 

Lot  D,  medium  dried... 

Lot  E,  high  dried 

Lot  F.  extra  high  dried. 
Moisture-free  meal: 

Lot  AfUndried 

Lot  B,  extra  low  dried... 

Lot  C,  low  dried. 

Lot  D,  medium  dried... 

Lot  E,  high  dried 

Lot  F,  extra  high  dried. 


P.  a. 
19.27 
17.25 
15.71 
13.44 
12.25 
10.79 


23.1 
28.5 
19.9 
2L3 
24.6 
21.8 

27.6 
34.4 
23.6 
24.6 
28.0 
24.4 


P.  a. 
8.56 
8.76 
9.00 
9.16 
9.44 
9.82 

10.60 
10.59 
10.68 
10.58 
10.76 
11.01 


P,et. 
3.26 
8.45 
3.47 

3.n 

3.55 
8.71 

4.04 
4.17 
4.12 
4.29 
4.06 
4.16 


P.et. 
66.06 
67.71 
68.95 
70.42 
71.65 
72.42 

81.83 
81.82 
81.80 
81.34 
81.65 
81.17 


P.ct. 
L75 
L73 
L79 
Z06 
1.95 
2.08 

2.17 
2.09 
Z12 
2.39 
2.22 
2.28 


P.CL 
1.10 
1.10 
LOS 
1.21 
1.16 
1.23 

1.86 
L38 
L28 
1.40 
1.32 
1.38 


Product. 


Degorminated,  bolted,  roller-ground  meal. 


Moist- 
ure. 


Acid- 
ity. 


Protein 
(NX6.25). 


Fat 


Nitio- 
gen-free 
extract 


Crude 
fiber. 


Ash. 


Meal  as  milled: 

Lot  A,undried 

Lot  B ,  extra  low  dried. . , 

Lot  C,  low  dried 

Lot  D,  medium  dried..., 

Lot  E,  high  dried 

Lot  F.  extra  high  dried. , 
Moisture-tree  meal: 

Lot  A ,  undried , 

Lot  B,  extra  low  dried. . . 

liOtC,  low  dried 

Lot  D,  medium  dried... 

Lot  E,  high  dried 

Lot  F,  extra  high  dried. 


P,ct. 
19.20 
17.73 
15w72 
13.78 
12.91 
11.26 


16.0 
17.6 
13.8 
13.3 
13.0 
13.9 

19.8 
21.4 
16.4 
15.4 
14.9 
15.7 


P.cf. 
7.38 
7.50 
7.38 
7.28 
7.41 
7.26 

9.14 
9.12 
8.76 
8.45 
8.51 
8.17 


P.et. 

0.67 
.83 
.75 

1.05 
.92 

1.06 

.83 
l.OI 

.89 
1.22 
1.06 
1.19 


P.et. 
71.94 
73.01 
75.25 
76.81 
77.73 
79.31 

89.06 

88.74 
89.29 
89.08 
89.25 
89.38 


P.ct. 
0.46 
.57 
.56 
.64 
.60 
.70 

.67 
.69 
.66 
.74 
.69 
.79 


P.eL 
0.32 
.36 
.34 
.44 
.43 
.42 

.40 
.44 

.40 
.51 
.49 
.47 
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shifKent  and  storage. 

Half  of  each  lot  was  shipped  to  Sayanuah  and  half  to  New  C 
the  analyses  being  made  from  month  to  month  in  the  Gove 
laboratories  located  in  these  cities.  Each  of  the  three  cars  d 
for  each  city  contained  two  parallel  lots — that  is  to  say,  two  h 
of  wholorkernel  jneal  and  two  of  cream  meal,  representing  t 
grees  of  dryness.  Care  was  taken  not  to  allow  the  two  kinds  c 
or  meal  of  the  same  kind  with  extreme  moistm*e  content,  to  < 
contact  either  in  the  car  or  the  storage  warehouse,  also  to  so  b 
bags  for  analysis  in  the  piles  that  they  should  be  surrounded  1 
of  the  same  lot  on  all  sides.  The  storage  warehouse  at  Savani 
Bimilar  to  that  used  in  the  preceding  experiment,  while  that 
Orleans  was  a  large,  modern  structiu:e  of  several  stories,  dimly 
but  quite  well  ventilated. 

ANALYSES  AND  TESTS  OF  THE   STORED  MEA^. 

The  analyses  shown  in  Table  12  are  the  most  instructive  of  a 
given  in  this  bulletin  and  show  conclusively  the  superior  ] 
quaUties  of  degerminated  meal. 

Moigture. — ^The  lots  with  high  moisture,  i.  e.,  A,  B,  and  C, 
less  of  the  kind  of  meal,  lost  weight  during  storage,  while  tl 
lots,  D,  E,  and  F,  in  most  instances  gained.  In  cases  where  tl 
heated  the  loss  in  weight  was  not  only  considerable  but  not 
greater  than  the  loss  in  moisture,  indicating  that  carbon  dio: 
given  off  in  appreciable  amoimt. 

Acidity. — The  whole-kernel  meal,  even  when  dried  to  less  1 
per  cent  of  moisture,  became  sufficiently  acid  to  exceed  the  1 
30  in  from  four  to  eight  weeks  and  finally  reached  from  two 
three  times  that  limit.  On  the  other  hand,  the  degerminatc 
gained  slowly  in  acidity,  the  limit  being  exceeded  in  sixteer 
only  in  lot  B  stored  at  New  Orleans.  The  highest  acidity  tl 
reached  in  the  degerminated  meal  of  lots  C,  D,  E,  and  F,  whi 
tained  15.72  to  11.26  per  cent  of  moisture  at  the  outset,  was  3 
that  only  after  28  weeks'  storage. 
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Tablb  12. — Comparative  analyses  of  whole-kernel j  stone-ground  com  meal  and  degermi- 
naiedj  bolted,  roller-ground  com  meal,  containing  different  amounts  of  moisturey 
showing  changes  during  storage;  carload  lots,  millid  December,  1913,  and  stored  in 
100-pound  bags. 


Product. 


Wbole-kemel,  stone-groimd  meal. 


Mois- 
ture. 


Acid- 
ity. 


Protein 
(Nx«.26). 


Fat. 


Change 

in 
weight. 


Change 

in 
moist- 


Taste  and  appear- 


Meal  stored  at  New  Orleans: 
Lot  A.undrled— 

When  milled 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

StOTed  20  weeks 

Stored  24  weeks 

Stored  28  weeks 

Lot  B,  extra  low  dried— 

When  milled 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

Stored  20  weeks 

Stored  24  weeks 

Stored  28  weeks 

Lot  C,  low  dried— 

When  milled 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

Stored  20  weeks 

Stored  24  weeks 

Stored  28  weeks 

Lot  D,  medium  dried— 

when  milled 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

StOTed  16  weeks 

Stored  20  weeks 

Stored  24  weeks 

Stored  28  weeks 

Lot  E.  high  dried— 

WhenmiUe^ 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

Stored  10  weeks 

Stored  20  weeks 

Stored  24  weeks 

Stored  28  weeks 

Lot  F,  extra  high  dried- 

When  milled 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks , 

Stored  16  weeks 

Stored  20  weeks , 

Stored  24  weeks 

Stored  28  weeks , 

Meal  stored  at  Savannah: 
Lot  A ,  undried— 

When  milled 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

Stored  16  weeks 

Stored  20  weeks 

Stared  24  weeks 

Stored  28  weeks 


Ptrct. 
19.27 
14.73 
14.56 

13.75 
14.02 
13.80 
13.50 
13.27 

17.26 
17.17 
13.70 
13.60 
13.80 
13.68 
13.45 
13.19 

15.71 
15.18 
15.25 
14.76 
14.94 
13.86 

12.87 
12.34 

13.44 
13.61 
13.78 
13.68 
13.64 
13.56 
13.26 
12.60 

12.25 
12.43 
12.55 
12.47 
12.48 
12.64 
12.38 
12.21 

10.79 
10.95 
11.34 
11.13 
11.57 
11.55 
11.47 
11.43 


19.23 
14.10 

14.27 
13.77 
14.16 
13.60 
13.90 
12.78 


28.1 
83.6 
81.2 

8L0 
89.6 
92.7 
93.0 
88.2 

28.5 
42.0 
95.8 
97.7 
103.0 
107.2 
107.6 
107.6 

19.9 
28.9 
42.0 
49.7 
59.7 
86.7 

93.0 
104.1 

21.3 
31.5 
39.2 
47.9 
53.0 
69.5 
76.9 
87.2 

24.6 
39.0 
50.0 
61.6 
71.0 
93.4 
90.2 
105.5 

21.8 
26.8 
37.4 
44.8 
55.6 
72.5 
86.5 
86.7 


23.1 
61.0 

60.3 
64.0 
64.0 
77.0 
77.0 
84.0 


PereL 

8.56 
9.28 
9.06 

9.22 
S.97 
9.16 
8.94 
9.25 

8.76 
8.72 
9.09 
9.16 
8.97 
9.09 
9.12 
9.13 

9.00 
8.76 
9.15 
9.06 
8.94 
9.09 

9.16 
9.19 

9.16 
9.12 
9.06 
9.19 
8.97 
9.00 
9.15 
9.19 

9.44 
9.25 
9.44 
9.12 
9.22 
9.44 
9.34 
9.50 

9.82 
9.62 
9.69 
9.75 
9.72 
9.81 
9.69 
9.63 


8.66 
8.26 

8.79 
8.56 
9.06 
8.66 
8.66 
8.84 


Ptra. 

3.26 
2.61 
2.89 

2.39 
2.47 
2.16 
2.41 
2.89 

3.45 
3.49 
2.86 
2.86 
2.92 
2.62 
2.96 
2.86 

3.47 
3.40 
3.47 
3.43 
3.43 
3.26 

2.76 
2.50 


3.71 
3.66 
3.62 
3.63 
3.66 
3.60 
3.68 
3.61 

3.56 
3.56 
3.54 
3.56 
3.66 
3.64 
3.50 
3.55 

3.71 
3.72 
3.68 
3.62 
3.59 
3.51 
3.69 
3.66 


3.26 
2.10 

2.40 
2.31 
2.17 
2.33 
1.95 
2.11 


Ptrct. 


Ptret. 


-6.81 
-7.50 

-8.00 
-7.70 
-8.22 
-7.94 
-8.67 


-  .34 
-6.22 
-6.27 
-4.90 
-6.06 
-5.31 
-6.39 


-  .27 

-  .59 
-1.09 

-  .73 
-^2.31 

-r3.61 
-J-4.01 


+  .37 
-f  .33 
•f  .22 
-I- .47 
-I-  .62 
+  .02 
-  .20 


+  .11 
+  .14 
+  .06 
+  .34 
+  .46 
+  .26 
+  .36 


+  .14 

+  .86 
+  .86 
+1.14 
+1.44 
+1.28 
+1.20 


-7.62 

-7.27 
-7.46 
-7.77 
-8.27 
-8.58 
-9.29 


-4.64 
-4.71 

-6.62 
-6.26 
-6.47 
-5.77 
-6.00 


-  .08 
-3.56 
-3.65 
-3.45 
-3.57 
-3.80 
-4.06 


-  .63 

-  .46 

-  .96 

-  .77 
-1.85 

-2.84 
-3.37 


+  .17 
+  .34 
+  .24 
+  .20 
+  .12 

-  .18 

-  .84 


+  .18 
+  .30 
+  .22 
+  .23 
+  .39 
+  .13 
-  .04 


+  .16 


+  .64 


-5.13 

-4.96 
-5.46 
-6.07 
-5.63 
-5.33 
-6.46 


Good. 

Hot,  musty,  caked. 
Randd,     caked, 
dark. 

Do. 

Do. 

Do. 

Do. 

Do. 

Good. 

Musty. 

Hot,  rancid,  caked. 

Rancid,  caked. 

Do. 

Do. 


Eo": 


Good. 

Do. 

Do. 

Do. 
Rancid. 

Rancid,     warm, 
lumpy. 

Do. 

Do. 

Good. 

Do. 

Do. 

Do. 
Rancid. 

Do. 

Do. 

Do. 

Do. 
Do. 
Rancid. 
Do. 
Do. 
Do. 

Good. 

Do. 

Do. 

Do. 

Do. 
Rancid. 

Do. 

Do. 


Good. 

Warm,     musty, 

caked. 

Musty,  caked. 

Do! 
Do. 
Do. 
Do. 
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ne-ground  com  meal  and  d 
etc.— Continued. 


el,  stone-ground  meal. 


It. 

Change 

in 
weight. 

Change 

in 
mois- 
ture. 

Taste  and 
ano( 

ret 

Per  a. 

Per  a. 

45 

Good. 

00 

*-'.*7i" 

'-"."74" 

NoreoonL 

38 

-4.08 

-2.81 

Warm. 

60 

-4.96 

-3.38 

Caked. 

41 

-4.58 

-3.01 

Do. 

22 

-5.48 

-3.62 

Do. 

13 

-6.02 

-3.82 

Do. 

16 

-6.27 

-4.47 

Do. 

47 

Good. 

45 

■-■.46' 

'-'."«3" 

Do. 

40 

-  .77 

-  .83 

Do. 

47 

-  .90 

-  .83 

Do. 

32 

-1.15 

-1.23 

Do. 

38 

-2.27 

-2.24 

Warm,cal 

23 

-3.40 

-3.23 

Cak3d. 

55 

-4.08 

-3.30 

Do. 

71 

Good. 

70 

"+*.'ii' 

-Tii" 

No  record. 

57 

+  .11 

+  .04 

Do. 

50 

+  .21 

+  .12 

Do. 

60 

+  .34 

+  .01 

Do. 

80 

-  .21 

-.16 

Do. 

50 

-  .40 

-  .45 

Do. 

80 

-  .71 

-  .90 

Do. 

55 

Good 

60 

■+."05* 

-.'43' 

No  record 

58 

+  .27 

+  .42 

Do. 

72 

+  .11 

+  .35 

Do. 

76 

+  .58 

+  .21 

Do. 

68 

+  .17 

+  .33 

Do. 

79 

-  .02 

+  .10 

Do. 

54 

+  .02 

-  .10 

Do. 

71 

Good. 

63 

■  +  ".'64' 

'-'.'46' 

No  record 

59 

+  .98 

+  .29 

Do. 

78 

+  .92 

+  .48 

Do. 

62 

+1.16 

+  .53 

Do. 

76 

+1.23 

+  .72 

Do. 

55 

+1.05 

+  .66 

Do. 

58 

+1.20 

+  .75 

Do. 

x>lted,  roller-ground  meal. 


It. 

Change 

in 
weight. 

Change 

in 
mois- 
ture. 

Taste  and 
ano 

ret. 

Per  el. 

Per  a. 

69 

Good. 

60 

-0.33 

+0.01 

Warm,  mi 

26 

-3.59 

-2.48 

*^Do. 

25 

-3.78 

-2.62 

21 

-3.61 

-2.52 

Do. 

22 

-4.11 

-3.00 

Do. 

16 

-3.87 

-3.21 

Do. 

20 

-4.23 

-3.43 

Do. 

83 

Good. 

85 

-  .42 

-  .36 

Do. 

77 

-1.00 

-  .84 

Blighty  mi 

76 

-1.50 

-1.50 

Good. 

63 

-1.40 

-1.64 

Do. 

36 

-2.42 

-2.15 

Stale,  lum 

31 

-2.75 

-Z51 

MustV,  lui 

28 

-3.44 

-2.76 
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12. — Comparative  analyses  of  whole-kernel,  stone-ground. oom  meal  and  degermi^ 
natedf  bplted,  roller-ground  com  meal^  «(c.r-Contmued. 


Prodiiot. 

Mois- 
ture. 

Acid- 
ity. 

Protefai 
(NX6.26). 

Pat. 

Change 

in 
weight 

Change 

in 
mois- 
ture. 

Taste  and  appear- 
ance. 

d  at  N«w  Orleans— Con. 

.low  dried- 

Tien  milled 

Peret. 

15.  .72 
15.57 
15.51 
15.29 
15.45 
15.40 
15.23 
14,82 

13.78 
14.61 
14.39 
14.46 
14.39 
14.43 
14.54 
14.23 

12.91 
13.20 
13.42 
13.39 
13.62 
13.83 
13.68 
13.64 

11.26 
11,79 
12.31 
12.08 
12.68 
12.69 
12.72 
12.81 

19.20 
18.38 
17.67 
16.87 
16.40 
16.19 
•15.70' 
14.95 

17.73 
17.05 
16.70 
16.66 
16.09 
15.75 
14.97 
14.50 

15.72 
15.31 
15.44 
15.49 
15.25 
15.02 
15.00 
14.22 

13.78 
13.98 
14.16 
14.13. 
14.09 
14,30 
14-07 
18.68 

13.8 
.   16.1 
18.0 
18.7 
19.6 
24.8 
25.9 
28.9 

13.3 
16.4 
15.7 
18.1 
19.2 
25.7 
24.7 
30.1 

13.0 
14.5 
14.5 
14.9 
16.3 
22.1 
19.6 
26.6 

13.9 
12.8 
13.0 
12.6 
14.7 
1$.0 
21.3 
22.7 

16.0 
17.5 
20.0 
17.5 
18.5 
24.0 
25.0 
22.0 

17.6 

15.8 

24.0 
27.5 
33.7 
36.5 
33.2 

13.8 
12.0 
15.8 
16.5 
17.5 
22,5 
25.5 
24.5 

13.3 
10.3 
15l8 
15.5 
17.0 
23.0 
25.5 
26.7 

Per  el, 
.7.38 
7.35 
7.40 
7.44 
7.28 
7.38 
7.44 
7.68 

7.28 
7.25 
7.31 
7.31 
7.09 
.7.28 
7.19 
7.25 

7.41 
7.32 
.    7.31 
7.38 
7.37 
7.25 
7.19 
7.88 

7.25 
6.94 
7.22 
7.31 
7.41 
7.38 
7.00 
7.26 

7.38 
7.30 
7.60 
7.26, 
'    7.61 
7.31 
7.50 
6.79 

7.50 
6.90 
6.90 
'7.18 
7.31 
7.59 

V^t 

7.38 
7.31 
7.09 
6.82 
r.26 
7.59 
7.24 
6.97 

7.28 
7.35 
7.09 
6.82 
7.26 
7.15 
7.23 
7.15 

Peru. 

0.^5 
.70 
.74 
.77 
.74 
.72 
.76 
.69 

1.05 
1.04 
1.04 
1.01 
1.04 
1.03 
1.02 
1.00 

.92 
.95 
.93 
.96 
.96 
.96 
.99 
.92 

1.06 
1.13 
1.08 
1.10 
1.10 
1.07 
1.10 
1.03 

.69 
.73 
.70 
.60 
.48 
.36 
.36 
.,38 

.83 
.88 
•  .89 
.95 
.84 
.49 
.53 
.51 

.75 
.65 
.83 
.77 
.79 
.72 
.72 
.87 

1.05 
1.13 
1.07 
1.12 
1.09 
1.12 
1.05 
1.14 

Petct. 

-o'iV 

-  .45 

-  .80 

-  .30 

-  .53 

-  .44 
-1.51 

Peru, 

"-6.' 15' 

-  ,21 

-  .43 

-  .17 

-  .32 

-  .49 

-  .90 

Good. 

Do. 
Do 

<ored  8  weeks. 

.ored  12  weeks 

Do 

Cored  Id  weeks 

Doi 

(ored  20  weeks 

■Stale. 

Cored  24  weeks 

Do. 

kired  28  weeks , 

Do. 

.  medium  dried— 
lien  milled 

Good.' 

Cored  4  weeks 

-  .14 
+  .56 
+  .66 
+  .80 
+  .37 
+  .36 
+  .65 

+  .83 
+  .61 
+  .68 
+  .61 
+  .65 
+  .76 
+  .46 

Do 

lOred  8  weeks 

Do. 

ored  12  weeks 

Do 

ored  16  weeks....  .r 

o«'ed  20  weeks 

Do. 
Do* 

ored 24  weeks...., 

Cored  28  weeks 

Do. 
Do. 

.highdried- 

rV>n  rnilM 

Do. 

.ored  4  weeks 

+  .23 
+  .70 
+  .61 
+  .96 
+1.16 
+1.08 
+1.06 

+  .29 
+  .61 
+  .48 
+  .71 
+  .92 
+  .67 
+  .63 

Do. 

C<red8  weeks 

Do 

.ored  12  weeks 

Do. 

Cored  Id  weeks 

Do. 

lOred  20  weeks 

Do'. 

lOred  24  weeks 

Do. 

Cored  28  weeks 

Do.  ' 

.extra  high  dried- 

Do. 

iored4w6eks 

+  .45 
+1.25 
+1.48 
+1.50 
+2.09 
+2.12 
+2.30 

+  .53, 
+1.05' 
+  .82 
+1.42 
+1.43 
+1.46 
+1.66 

Do. 

Cored  8  weeks 

Do. 

ored  12  weeks 

Do. 

kOred  16  weeks 

Do 

Cored  20  weeks 

Do. 

Cored  24  weeks 

Do 

Cored  28  weeks 

Do. 

d  at  Savannah: 

.nndrlwlr- 

'Wi  milled...: 

Do. 

^ored4w6eks 

-  .65 
-1.83 
-3.02 
-3.52 
-4.08 
-4.52 
-5.29 

-  .82 
-1.53 
-2.33 
-2.80 
-3.01 
-3.50 
-4.26 

No  record. 
Dow 

Cored  8  weeks 

Ared  12  weeks 

Do. 

ored  16  weeks 

Do:     ■   ' 

Cored  20  weeks 

Do 

ored  24  W96ks 

u^^. 

rored  28  wwks 

.extra  low  dried-^ 
TiOT  milted 

Good. 

Cored4wc«ks 

-  .46 

-  .83 
-1.46 
-1.65 
-2.40 
-3.21 

-  .68 
-1.03 
-1.07 
-1.64 
'-1.98 
-2.V6 
-3.23 

oredSweeks 

Do. 

tored  12  weeks 

Do. 

Cored  16  weeks 

Do. 

Cored  20  weeks 

Do. 

ored  24  weeks 

Do. 

ored  28  weeks 

Do. 

.low  dried- 
lien  mined 

Good. 

Cored  4  weeks 

-  .21 

-  .46 
-T  .46 

-  .46 

-  .77 
-1.16 
-1.65 

-  .41 

-  .28 

=  :-^ 

-.70 

-  .72 
-1.50 

Do. 

Cored  8  weeks 

Do. 

ored  12  weeks 

Do. 

Mred  16  weeks 

Do. 

Cored  20  weeks 

Do. 

Cored  24  weeks 

Do. 

Cored  28  weeks 

Do. 

.medinm  dried — 
'nen  mni<4 

Do. 

Cored  4  weeks 

+  .36 
+  .73 
+  .64. 
+  .36 
4-  .36 
-  .08 

+  .20 
+  .38 
+  .35 
+  .31 
+  .52 
+  .29 
-  .10 

Do. 

bafed8weeks 

Do. 

Cored  12  weeks 

Do. 

tored  16wee]a.. 

Do. 

tared  20  weeks 

Do. 

tored  24  weeks 

Do. 

Cored  28  weeks 

Do. 
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Table  12. — Comparative  onalyHs  of  whole-kernel,  stone-ffround  com  meed  and 
natedy  bolted,  roUer-ground  com  meal,  etc. — Continued. 


Degenninated,  bolted,  roller-ground  meal. 

Product. 

Mols- 
ture. 

Add- 

ity. 

Protein 
(NX6.25). 

Fat. 

Change 

in 
weight. 

Change 

in 
mois- 
ture. 

Taste  a 

a 

Meal  stored  at  New  Orleans— Con. 
Lot  E.  high  dried- 

Wnen  mMW 

Peret. 
12.91 
12.10 
13.39 
13.86 
13.45 
13.68 
13.32 
13.27 

1L20 

n.i7 

U.49 
12.30 
12.13 
12.30 
12.40 
12.64 

13.0 
f.6 
18.5 
14.6 
16.0 
19.0 
20.5 
22.6 

18.9 
9.3 
12.0 
13.0 
12.7 
17.6 
16.6 
18.8 

Peret. 
7.41 
7.00 
7.00 
7.09 
7.00 
7.15 
7.24 
7.10 

7.26 
7.09 
7.45 
7.09 
7.18 
7.16 
7.06 
7.01 

Peret. 
0.92 
.96 
.98 
1.00 
LOS 
L09 
LOO 
L04 

LOO 
L14 
LIS 
L13 
L13 
LIO 
L13 
L16 

Peret. 

Peret. 

Good. 

Stored  4  weeks 

+a23 
+  .61 
+  .48 
+  .67 
+  .61 
+  .39 
+  .62 

-0.76 
-1-  .48 
+  .44 
+  .64 
+  .67 
+  .41 
+  .36 

Do. 

Stored  8  weeks 

Do. 

Stored  12  weeks 

Do. 

Stored  10  weeks 

Do. 

Stor«d  20  weeks 

Do. 

Stored  24  weeks 

Do. 

Stored  28  weeks 

Do. 

Lot  F.  extra  high  dried— 

V^«n  millArl      

Do. 

Stored4weeks 

+  .73 
+L11 

'+Lii* 

+  L48 
+  L42 
+L67 

-  .09 
+  .23 
+  L04 
+  .87 
+  L04 
-I-L14 
+  L38 

Do. 

Stor«d8week8 

Do. 

Stor«d  12  weeks 

Do. 

Stored  10  weeks 

Do. 

Stored  20  weeks 

Do. 

Stored  24  weeks 

Do. 

Stored  28  weeks 

Do. 

Special  attention  should  be  directed  to  the  degenninated 
lot  A,  which  heated  during  the  first  four  weeks  and  also  becam( 
and  lumpy.  Notwithstanding  the  spoilage  evident  to  the 
this  meal  did  not  increase  appreciably  in  acidity — in  fad,  at 
of  28  weeks  it  had  less  acidity  than  most  of  the  dried  meal.  T 
color,  as  well  as  the  mycological  examination  by  Dr.  C.  Thorn, 
that  the  flora  of  the  sample  was  peculiar  and  evidently  sue 
produce  spoilage  without  development  of  acidity. 

Fdt. — ^A  marked  diminution  in  the  percentage  of  fat  accou 
heating.  This  was  evident  in  lots  A,  B,  and  C  of  the  whoL 
meal  and  lots  A  and  B  of  the  degerminated  meal.  This  dim 
was  also  noted  in  the  experiments  of  the  preceding  year. 

Protein. — The  results  show  no  significant  change  in  tota 
protein. 

Taste  and  appearance. — ^Both  the  whole-kernel  and  the  d 
nated  meal  of  lot  A  were  hot,  musty,  and  unfit  for  food  fou 
after  milling,  and  the  whole-kernel  meal  of  lot  B  was  musty  at  tl 
period.  The  remainder  of  the  whole-kernel  meal  became  ra 
from  20  to  24  weeks.  The  degerminated  meal  of  lots  B  an< 
stale  at  the  end  of  20  weeks,  but  none  of  the  lots  with  lower  n 
content  suffered  appreciably  in  quality,  even  up  to  the  end 
experiment. 


CONCLUSIONS. 


Whole-kernel  meal  prepared  from  com  of  the  quality  of  t 
of  1913,  even  when  thoroughly  dried,  develops  excessive  acidi 
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short  a  time  as  to  demand  immediate  consumption.  If  meal  of  this 
type  is  preferred  because  of  its  greater  nutritive  value  or  more  oily 
flavor,  it  should,  as  recommended  by  Commissioner  Watson,  be 
milled  locally  in  small  quantities  and  consiuned  within  a  short  pen»d. 
In  regard  to  keeping  qualities,  whole-kernel  meal  may  be  com- 
pared to  cream  in  that  it  must  be  deUvered  and  consumed  without 
delay,  while  degerminated  meal  may  be  compared  to  butter,  whifih 
within  reasonable  Umits  keeps  until  used. 

STORAGE  EXPERIMENTS  WTFH  WHOLE-KERHEL  AND  DEGERMINATED  MEAL,  MILLED 
WITHOUT  DRYING.  APRIL  S.  1914. 

The  analyses  of  the  meal  as  milled  April  3,  1914,  appear  in  Table  13, 
and  of  the  meal  after  storage  at  New  Orleans  in  Table  14.  The 
percentages  of  moisture  at  the  time  of  milling  were  18.45  and  18.46, 
and  of  fat  3.34  and  0.79,  respectively,  in  the  whole-kernel  and  the 
degerminated  meal. 

Table  13. — Composition  of  carload  lots  of  whoMcemel,  stone-ground  com  meal  and 
degerminatedf  bolted^  roller-ground  com  meal,  as  mUled,  vrithotU  drying,  Apr,  S,  1914, 
for  use  in  storage  experiments. 


Product. 


Mois- 
ture. 


Acid- 
ity. 


Protein 
(NX6.25). 


Fat. 


Nitrogen- 
free 
extract. 


Crude 
fiber. 


Ash. 


Meal  as  milled: 

W  hole-kernel  stone-|jound 

Degerminated  boltedroller-ground . 
Moisture-free  meal: 

Whole-kernel  stone^ound. 

Degerminated  bolted  roller-ground . 


Perct. 
18.45 
18.46 


30.0 
17.9 


36.8 
22.0 


PereenL 
8.94 
6.97 

10.96 
8.55 


PM. 

3.34 

.79 

4.10 
.97 


Percent. 
66.23 
73.91 

81.22 
89.42 


Perct. 
1.78 
.46 

2.18 
.56 


P.rt. 
1.26 
.41 

1.54 
.50 


Table  14. — Comparative  analyses  of  whole-kernel,  stone-around  com  meal  and  degermi- 
nated, bolted,  roller-ground  com  meal,  rriUled  without  arying,  showing  changes  during 
storage. 

[Carload  lots  milled  Apr.  17, 1914,  and  stored  in  100-pound  bags  at  New  Orieans.] 


Product 

Mois- 
ture. 

Acidp 

ity. 

Protein 
(NX6.25). 

Fat. 

Change 

in 
weight 

Change 

In 
moisture. 

Taste  and  appearance. 

Whole-kernel,     stone-ground 
meal: 
When  milled 

Per  a. 
18.46 
15.41 
14.47 
14.48 
14.55 
13.85 

18.46 
IS.  50 
16.06 
15.53 
15.67 
15. 19 

30.0 
82.7 
90.0 
98.1 
98.7 
94.8 

17.9 
21.9 
20.3 
21.0 
22.2 
22.1 

Percent. 

8.94 
8.85 
9.25 
9.44 
9.38 
9.38 

6.97 
7.18 
7.31 
7.53 
7.25 
6.75 

Perct. 
3.34 
2.79 
2.76 
2.52 
2.78 
2.71 

.79 
.73 
.31 
.27 
.34 
.29 

Perct. 

Percent. 

Good. 

Stored  2  weeks 

-4.36 
-5.72 
-5.73 
-5.66 
-6.00 

-3.04 
-3.98 
-3.97 
-3.90 
-4.60 

Hot,  musty,  caked. 
Musty,  caked. 
Rancid,  caked. 
Do. 

Stored  4  weeks 

Stored  8  weeks 

Stored  12  weeks 

Do. 

ground  meal: 
Whenmilled  

Good. 

-  .30 
-3.81 
-4.67 
-4.51 
-4.66 

+  .04 
-2.40 
-2.93 
-2.79 
-3.27 

Not  good. 

Stored  4  weeks 

Musty,  lumpy,  pink. 

Stored  6  weeks 

Stored  8  weeks 

Do. 

Stored  12  weeks 

Do. 

Neither  kind  of  meal  was  fit  for  food  at  the  end  of  two  weeks* 
storage,  the  deterioration  being  evident  from  the  taste  and  appear- 
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ance,  as  well  as  in  the  case  of  the  whole-kernel  meal,  from  the  aci 
As  in  lot  A  of  the  preceding  experiment,  the  degerminated 
spoiled  without  developing  excessive  acidity. 

SUMMARY. 

1.  The  products  of  a  white-corn  mill  may  be  arranged  in  th 
lowing  order  in  regard  to  Acidity,  fat,  fiber,  and  ash,  beginning 
the  lowest  percentage:  Grits,  meal,  flour,  feed,  and  germ.  They 
be  arranged  in  the  following  order  in  regard  to. protein:.  Flour,  i 
grits,  feed,  and  germ.  The  percentage  of  nitrogen-free  extract  i 
strikingly,  different  in  the  grits  and  meal,  but  is  lower  in  the  fee< 
lowest  in  ,the  germ. 

2.  Samples  of  meal  taken  froip  41  mills  located  in  32  towlis  ai 
States  are  classified  under  four  heads :  ( 1 )  Whole-kernel,  stone-gr 
meal;  (2)  bolted,  undegerminated  meal;  (3)  degerminated,  be 
roller-ground  meal  ('^ cream  meal'') ;  and  (4)  low-grade  or  "stand 
meal. 

3.  Whole-kernel  meal  at  the  time  of  grinding  is  the  same  in 
position  as  the  com  except  in  regard  to  moisture,  but  soon  devel 
greater  acidity. 

4.  Bolted,  undegerminated  meal  contains  less  fiber  than  the 
but  no  other  general  rule  can  be  formulated  owing  to  the  vai 
conditions  of  manufacture. 

5.  Degerminated,  bolted  meal  contains  less  protein,  fat,  fiber 
ash,  but  more  nitrogen-free  extract  than  the  com. 

6.  Low-grade  ('* standard/')  meal  contains  sometimes  more 
sometimes  less  of  each  constituent  than  the  corn. 

7.  Ton  lots  of  degerminated,  bolted  meal,  with  a  range  in  moi 
content,  were  stored  at  Savannah  and  Chicago.  The  lot  conta 
16.86  per  cent  of  moisture  showed  an  excess  of  acidity  in  12  we( 
loss  of  fat  in  16  weeks,  and  a  musty  taste  in  20  weeks.  •  The  lot 
taining  15.04  per  cent  of  moisture  only  slightly  exceeded  the  lim 
acidity  (30)  in  24  weeks,  and  did  not  suffer  in  taste  or  appear 
while  those  with"! 3. 41  per  cent  or  less  kept  well  in  all  respects 
the  end  of  the  experiment  (24  weeks). 

8.  Carload  lots  of  degerminated,  bolted  meal,  with  15.73  per 
of  moisture,  showed  an  excess  of  acidity  at  Savannah  in  8  week 
at  Chicago  in  12  weeks,  but  did  not  suffer  appreciably  in  qu 
Highly  dried  meal  with  9.86  per  cent  of  moisture  after  24  i 
showed  a  maximum  acidity  of  only  21.8. 

9.  Comparative  tests  with  whole-kernel  and  degerminated,  b 
meal,  imdried  and  dried  to  different  degrees  and  stored  at  Sava 
and  New  Orleans,  showed  the  superior  qualities  of  the  latter, 
when  dried  to  10.79  per  cent  of  moisture,  the  whole-kernel 
developed  excessive  acidity  in  8  weeks  and  became  raudd  i 
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weeks,  while  with  15.71  per  cent  of  moisture  or  higher,  in  addition  to 
becoming  acid,  it  sooner  or  later  heated  and  caked.  The  loss  in 
weight  accompanying  heating  exceeded  the  loss  of  moisture. 

Degerminated,  bolted  meal  containing  13.78  per  cent  or  less  of 
moisture  kept  in  all  respects  for  28  weeks,  and  that  containing  15.72 
per  cent,  although  it  became  stale  in  20  weeks,  did  not  develop  exces- 
sive acidity.  The  undried  meal  containing  19.20  per  cent  of  moisture, 
although  it  heated  within  4  weeks,  unUke  the  whole-kernel  meal, 
did  not  increase  markedly  in  acidity. 

10.  Meal  of  the  two  kinds  milled  April,  1914,  without  drying  and 
containing  about  18.50  per  cent  of  moisture,  spoiled  within  2  weeks 
at  New  Orleans.  Only  the  whole-kernel  meal  developed  an  excess  of 
acidity. 

11.  A  study  of  all  the  results  leads  to  the  conclusion  that  deger- 
minated, bolted  meal  containing  not  over  14  per  cent  of  moisture  and 
1  per  cent  of  fat,  as  determined  by  the  method  of  the  Association  of 
Official  Agricultural  Chemists,  properly  stored,  should  keep  for  6 
months;  with  a  moisture  content  of  15  per  cent  it  should  keep  3 
months.  Schindler's  limit  for  moistiu*e,  namely  13^  per  cent,  obtained 
by  drying  in  an  open  dish,  corresponds  to  about  14^  per  cent  by  the 
method  of  the  Association  of  Official  Agricultiu*al  Chemists. 

12.  Whole-kernel  meal,  like  cream,  should  be  produced  locally  and 
consimied  soon  after  grinding;  properly  dried,  degerminated  meal, 
like  butter,  keeps  well  during  transportation  and  long  storage. 
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COTTON  WABEHOUSES: 
STORAGE  FACILITIES  NOW  AVAILABLE  IN  THE  SOCTH.^ 

By  Robert  L.  Nizon,  Asnstant  in  Cotton  Marketing. 
INTRODUCTION. 

This  bulletin  is  the  result  of  a  survey  made  for  the  purpose  of 
determining  the  extent  of  storage  facihties  now  available  in  the 
cotton-producing  States.  An  attempt  has  been  made  to  determine 
not  only  the  storage  capacity  of  the  cotton  warehouses  now  in  use, 
but  to  learn  something  of  the  conditions  under  which  cotton  is  stored, 
the  charges  for  storage,  the  insurance  rates  paid ,  and  other  factors  aflfect- 
ing  cotton  in  storage.  Particular  attention  was  given  to  the  different 
types  of  buildings  with  reference  to  cost  of  construction,  insurance 
rates,  and  general  economy  in  handling  cotton,  and  also  to  the  dis- 
tribution of  these  storage  houses  with  reference  to  the  production  of 
cotton,  and  the  availabiUty  of  such  warehouses  to  farmers  who  may 
wish  to  store  their  cotton.  Effojrts  also  were  made  to  determine 
something  of  the  importance  of  the  warehouses  in  protecting  cotton 
from  fire  and  damage  by  weather,  in  handUng  and  marketing,  and 
in  financing  the  cotton  crop.  The  relation  of  the  cotton  warehouse 
to  other  business  and  its  importance  to  the  farmer  and  to  business 
men  generally  has  been  kept  in  mind. 

The  warehouse  siu*vey  of  Georgia  and  North  Carolina  was  made 
during  the  early  part  of  1914,  so  the  resulting  figiu*es,  which  are 
given  in  tabular  form  in  this  bulletin,  relate  to  the  amoimt  of  storage 
space  that  was  available  during  the  1913-14  season,  except  in  Table 
VI,  which  is  an  estimate  of  the  storage  space  now  available.     Letters 

1  The  figures  in  this  bulletin  relating  to  the  storage  (aciiities  now  available  in  the  cotton  belt  were  secured 
from  a  comprehensive  survey  of  Georgia  and  North  Carolina,  and  also  by  means  of  a  letter  of  inquiry  which 
was  sent  to  all  the  county  agents  of  the  Farmers'  Cooperative  Demonstration  Work  of  the  Southern  States. 
The  work  In  North  Carolina  was  done  in  cooperation  with  the  Marketing  Division  of  the  Agricultural 
Experiment  Station.  In  Georgia  the  survey  was  conducted  entirely  by  the  Office  of  Markets  and  Rural 
Organization.  However,  the  State  College  of  Agriculture  furnished  office  space  and  extended  other 
courtesies  to  the  writer  while  making  the  survey  which  greatly  facilitated  the  work. 

Mote.— This  bulletin  deals  with  the  cotton  warehouse  situation  of  the  South,  with  special  reference  to 
conditions  in  Georgia  and  North  OaroUna.  An  attempt  has  been  made  to  determine  what  storage  facilities 
are  now  available,  the  importance  of  the  war^ouse  in  financing  the  cotton  crop,  and  the  general  relation 
of «  system  of  warehouses  to  other  lines  of  business.  It  should  be  of  special  interest  to  farmers ,  warehouse- 
men, and  cotton  factors,  merchants,  and  bankers  of  the  South. 
86344*— Bull.  216—15 1 
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were  sent  to  all  ginners  and  cotton  dealers  in  Qeoi^a  and  '. 
Carolina  asking  for  the  names  and  addresses  of  all  cotton-si 
companies^  both  public  and  private.     A  tentative  warehouse  hi 
made  up  from  the  replies  to  this  inquiry,  and  a  letter  and 
asking  for  details  as  to  cost  of  construction,  storage  capacity, 
ance  rates,  and  charges  for  storage  were  sent  to  each  individ 
company  on  the  list.     These  were  followed,  in  many  cases,  by 
inquiries  and  special  correspondence.     In  addition  to  this,  the 
visited  many  of  the  warehouses  and  conferred  with  a  large  ni 
of  warehousemen,  cotton  dealers,  and  others  interested  in  the  < 
industry. 

In  August,  1914,  when  it  became  apparent  that  the  price  of  i 
would  be  seriously  depressed  on  accoimt  of  a  Umited  demand, 
obvious  that  there  would  be  an  imusual  demand  for  storage 
In  order  to  get  data  concerning  storage  facilities  in  the  o 
producing  States,  a  letter  of  inquiry  was  sent  to  all  the  county  \ 
of  the  Farmers'  Cooperative  Demonstration  Work  in  the  Soi 
States.  This  letter  asked  for  the  names  of  all  warehouse  com] 
in  the  sections  where  the  various  agents  were  located  and  the  s 
capacity  of  the  buildings  operated  by  these  companies.  The  i 
responded  readily  to  this  inquiry,  and  the  results  obtained  ei 
us  to  form  a  good  idea  of  the  available  storage  facilities  throu 
the  South.  In  this  connection  it  should  be  remembered  th 
immediate  report  was  requested  from  the  county  agents.  This 
it  impossible  for  them  to  make  a  very  thorough  investigation 
would  enable  them  to  report  all  storage  houses.  Many  of  the  c 
producing  comities  have  no  agents,  so  the  number  of  warel 
reported  from  this  source  is  further  limited.  In  addition,  mi 
the  nonproducing  counties  in  the  cotton  belt  wh^e  no  agen 
stationed  have  warehouses  with  a  large  aggregate  storage  cap 
Taking  all  of  these  facts  into  consideration  it  is  quite  eviden 
the  reports  from  the  county  agents  necessarily  are  far  short  < 
actual  number  of  warehouses  in  the  various  States.  But 
reports  are  especially  valuable  as  a  basis  for  comparison  of  cond 
between  the  States  where  surveys  have  been  made  and  the  I 
where  no  such  investigations  have  been  conducted. 

IMPORTANCE  OF  THE  WAREHOITSE  IN  FINANCING  THE  COTTON 

Financing  the  cotton  crop  is  one  of  the  most  difficult,  and  i 
same  time  one  of  the  most  important  problems  confronting  the  s 
em  farmer  and  the  southern  business  man.  In  the  light  of  a 
facts,  it  seems  reasonable  to  state  that  but  little  cotton  woi 
stored  or  insured  if  it  were  not  necessary  to  do  so  in  order  to  neg 
loans  with  cotton  as  collateral.  The  banks  are  entirely  willi 
advance  money  on  cotton  on  liberal  terms  when  it  is  properly  s 
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and  insured,  but  they  are  not  always  able  to  advance  these  necessary 
funds.  Even  m  years  when  prices  are  satisfactory,  and  but  little 
cotton  is  held,  it  takes  enormous  sums  of  money  to  finance  the  mar- 
keting of  the  crop,  and  when  the  market  is  unsatisfactory  and  many 
persona  wish  to  hold  their  cotton  for  better  prices,  it  is  almost  im- 
possible for  the  present  banking  institutions  to  supply  the  necessary 
funds.  The  farmer  frequently  has  no  operating  capital  and  that  of 
the  bank  is  limited.  Consequently,  when  a  market  for  cotton  prac- 
tically disappears,  it  is  impossible  for  the  banks  of  the  cotton- 
producing  section  to  meet  their  obligations.  Success  in  developing 
an  adequate  and  efficient  system  of  storage  houses  depends  largely 
upon  obtaining  sufficient  capital  to  finance  the  cotton  crop.  Many 
letters  from  bankers,  warehousemen,  and  business  men  generally, 
indicate  an  entire  willingness  and  even  eagerness  on  then*  part  to 
erect  storage  houses  of  sufficient  capacity,  if  only  money  could  be 
obtained  in  order  to  enable  farmers  and  others  to  hold  cotton. 

It  would  seem  that  the  banks  would  increase  their  capital  stock 
to  such  an  extent  that  they  would  be  in  position  to  advance  all  the 
funds  needed.  But  it  must  be  remembered  here,  as  stated  in  con- 
nection with  storing  cotton,  that  it  is  only  when  the  market  is  un- 
satisfactory that  the  farmer  needs  to  hold  his  cotton  and  therefore 
needs  an  unusual  amount  of  capital.  The  banks,  of  course,  can  not 
keep  on  hand  unlimited  funds  to  meet  this  occasional  demand.  It 
also  must  be  remembered  that  the  farmer  is  not  always  reasonable 
in  his  demand  for  funds  at  such  a  time.  When  cotton  is  bringing 
13  or  14  cents  per  pound  he  often  sells  his  crop  as  fast  as  it  is  ginned 
without  reference  to  the  disastrous  effect  it  may  have  ou  the  market, 
spends  the  proceeds,  and  devotes  all  his  energies  to  raising  a  large 
crop  the  following  year.  While  the  cotton  is  growing  he  spends  for 
his  supplies  on  the  basis  of  a  full  crop  for  which  he  expects  to  receive 
the  maximum  price.  When,  because  of  overproduction  or  unusual 
pressure  on  the  market,  the  price  falls  appreciably,  he  finds  that  the 
merchant's  equity  in  the  cotton  is  greater  than  its  cash  value.  He 
then  expects  the  banks  to  advance  him  money  on  the  basis  of  the 
prices  that  prevailed  when  conditions  were  favorable,  or  perhaps  on 
the  cost  of  production.  While  cotton  is  recognized  as  the  best  col- 
lateral it  will  not  be  accepted  by  business  men  on  such  conditions. 

Bankers  and  other  southern  business  men  beUeve  that  cotton  when 
properly  stored  and  insured  is  the  very  best  collateral.  The  most 
substantial  bankers  state  definitely  that  they  prefer  it  to  real  estate, 
and  will  advance  funds  on  it  as  readily  as  on  Government  bonds. 
When  making  the  survey  of  Georgia  and  North  Carolina  special 
efforts  were  made  to  determine  whether  the  bankers  in  general 
regarded  cotton  as  desirable  collateral.  They  were  practically  imani- 
mous  in  their  opinion  that  it  is  the  very  best  that  can  be  offered. 
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From  careful  observation  it  appears  that  in  North  CaroUna 
of  the  loans  on  cotton  are  made  by  banks  at  a  rate  of  from  6  to 
cent.  The  average  would  doubtless  be  7  per  cent  or  less, 
same  banks  charge  8  per  cent  or  more  for  ordinary  loans  on  pe 
security  or  real  estate.  In  Georgia  the  rate  on  loans  on  cotton  i 
from  7  to  10  per  cent.  The  average  is  probably  about  8  per 
This  refers  to  comparatively  small  loans  made  by  banks  to  indiv 
and  small  companies.  Doubtless  many  of  the  Georgia  cotton 
panics  obtain  money  at  the  rate  of  6  per  cent.  The  rate  on  pe 
notes  in  Georgia  ranges  from  8  to  12  per  cent,  with  an  average  < 
less  than  9  per  cent.  In  both  States  the  interest  charged  on 
accounts  (which  is  usually  included  in  the  selling  price)  ranges 
10  to  35  or  40  per  cent.  The  average  is  not  less  than  20  per 
All  these  facts  show  that  in  both  States  loans  can  be  obtained 
cotton  is  oflfered  as  collateral  at  a  much  lower  rate  than  whei 
sonal  security  is  given. 

It  can  readily  be  seen  that  one  of  the  greatest  needs  of  the  ( 
farmer  is  to  get  away  from  the  present  credit  system.  Man 
pecially  those  of  the  tenant  class,  pay  the  supply  merchant  a 
vance  of  from  25  to  35  cents  on  a  dollar's  worth  of  supplies,  and 
supplies  are  actual  necessities.  These  accounts  ordinarily  run 
six  to  eight  months.  Such  exorbitant  rates  of  interest  won 
disastrous  to  any  class  of  people.  When  the  crop  is  harvestc 
farmer  disposes  of  his  cotton  and  settles  his  accounts  with  th< 
ceeds,  provided,  of  course,  that  he  receives  sufficient  ftmds  fo 
purpose.  Then  it  is  usually  necessary  for  him  to  mortgage  hh 
year's  crop  to  the  supply  merchant  in  order  to  obtain  credit,  wl 
necessary  .to  enable  him  to  live  while  the  crop  is  being  made, 
it  is  difficult  to  see  how  this  situation  can  be  remedied,  owi 
the  fact  that  these  tenants  have  no  means  of  living  while  the 
is  being  made  without  trading  with  supply  merchants,  it  does 
that  the  situation  would  be  improved  greatly  by  establish 
system  of  warehouses  and  encouraging  the  tenants  to  store 
cotton  as  is  not  absolutely  necessary  to  settle  their  account 
this  plan  should  be  pursued  for  two  or  three  years,  while  eco 
in  living  was  exercised,  many  could  eventually  free  themselves 
the  present  system. 

The  merchant  is  almost  as  helpless  as  the  farmer.  He  ad^ 
suppUes  while  expecting  cotton  to  bring  a  fairly  good  prio^ 
most  cases  he  has  bought  his  stock  on  time  and  can  not  me 
own  obligations  until  the  farmers'  accounts  are  paid.  Whe 
the  price  is  so  low  that  the  farmer  fails  to  meet  his  obligation 
merchant  is  hkely  to  be  seriously  embarrassed.  Late  in  191 
instance,  many  farmers  refused  positively  to  sell  their  cottor 
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many  of  them  failed  to  meet  their  obligations,  thus  making  it 
eBpecially  hard  on  the  merchant.  When  the  price  is  mmsually  low, 
as  in  the  present  emergency,  the  merchant  can  not  aflFord  to  '*  close 
out"  the  tenant.  The  cotton,  if  thrown  on  the  market,  would  not 
bring  enough  to  settle  the  account.  If  the  merchant  insisted  on 
selling  the  cotton  he  necessarily  would  lose  much  of  the  money  due 
him. 

It  is  equally  true  that  the  local  banker  is  helpless  in  such  a  situa- 
tion. His  bank  advances  some  money  to  local  merchants  and  some 
to  the  farmers.  He  has  borrowed  most  of  this  money  from  some 
larger  institution  which  is  usually  located  outside  of  the  cotton- 
producing  section.  He  is  supposed  to  pay  this  money  back  at  the 
time  that  cotton  is  picked.  When  the  farmer  fails  to  meet  his  obli- 
gation the  merchant  naturally  finds  it  difficult  to  pay  his  banker. 
Then  the  local  banker  is  dependent  upon  the  mercy  of  the  larger 
institution. 

A  well-organized  system  of  cotton  warehouses  would  be  of  the 
greatest  assistance  to  the  farmer,  the  supply  merchant,  and  the  local 
banker  in  financing  the  cotton  crop,  especially  in  tiding  over  an 
emergency.  There  is  a  serious  need  for  warehouses  whose  receipts 
would  be  accepted  as  an  absolute  guarantee  that  a  certain  amount 
of  cotton  of  a  definite  grade  and  in  marketable  condition  had  been 
stored  with  the  warehouse  company.  Under  such  conditions  it 
would  be  very  easy  for  the  farmer  to  store  his  cotton  and  offer  the 
receipts  to  his  supply  merchant  as  collateral  for  extending  the  time 
in  which  his  account  must  be  paid.  The  merchant  in  turn  could 
surrender  these  receipts  to  the  local  banker  and  extend  the  time  of 
his  loan.  The  local  banker  would  then  use  these  receipts  in  a  similar 
way  to  extend  the  time  of  his  loan  with  the  larger  institution.  In 
practically  every  instance  the  large  banker  would  be  glad  to  extend 
the  time  of  payment  when  these  receipts  were  offered  as  collateral. 
In  many  instances  the  rate  of  interest  would  be  greatly  reduced. 
This  is  one  of  the  very  important  functions  of  an  efficient  system  of 
warehouses,  and  the  need  of  such  a  system  is  extremely  urgent. 

GENERAL  DISCUSSION  OF  STORAGE  FACILITIES. 

It  will  be  shown  (Table  VII,  p.  17)  that  the  warehouses  now  in 
use  are  entirely  ample  in  total  storage  capacity  when  we  consider  the 
South  as  a  whole.  The  investigations  indicate  that  if  all  storage 
houses,  including  those  belonging  to  cotton  mills  in  the  cotton-growing 
States,  were  used,  every  bale  of  an  average  crop  could  be  stored. 
There  is  never  a  year  when  there  is  a  demand  for  this  amount  of 
storage  space.  Some  cotton  is  always  shipped  direct  from  the  gins 
through  the  compresses  to  New  England  and  to  Europe.     Some  is 
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kept  on  the  farm  for  several  months.  When  this  is  taken  int 
sideration,  it  appears  that  the  storage  capacity  of  the  building 
in  use  is  entirely  adequate. 

DisnuBunoN  of  warehouses. 

This,  however,  does  not  mean  that  every  person  who  has  co 
able  to  get  it  stored  on  favorable  terms.  While  the  facilitic 
general  way  are  ample  in  most  of  the  States,  in  others  th( 
entirely  inadequate.  By  referring  to  Table  VII  it  will  be  see 
the  warehouses  of  Virginia,  Florida,  Tennessee,  and  Louisiam 
a  storage  capacity  much  greater  than  the  production  of  cot 
those  States,  but  most  of  the  warehouses  are  located  in  the  sh 
centers,  namely,  Norfolk,  Newport  News,  Jacksonville,  Peni 
Memphis,  and  New  Orleans.  While  from  a  glance  at  the  ti 
would  seem  that  the  facilities  in  these  States  are  adequate,  pn 
it  is  true  that  the  cotton-producing  sections  are  very  poorly  su 
with  storage  houses.  A  farmer  who  wishes  to  hold  cotton  in 
sections  would  have  to  keep  it  on  the  farm  iminsured  or  ship 
cotton  factor  in  one  of  the  large  towns. 


In  Table  I  (p.  7)  an  attempt  is  made  to  illustrate  the  di 
tion  of  warehouses  in  Georgia.  The  first  half  of  the  table  sho 
10  coimties  having  public  and  private  cotton  warehouses  wi 
greatest  aggregate  storage  capacity,  and  the  second  section  sho 
10  counties  producing  the  most  cotton  in  1913.  The  same  table 
the  total  production  of  cotton  in  1913  in  running  bales  for 
coimties  hsted.  The  first  section  shows  103  public  and  private 
houses  reported  in  the  10  counties,  with  a  total  storage  capa< 
419,280  bales.  The  47  cotton  mills  reporting  can  store  li 
This  makes  a  total  capacity  for  the  10  coimties  of  611,755 
These  figures  are  for  uncompressed  cotton.  Many  of  these 
houses  usually  receive  compressed  cotton.  There  are  also  37 
houses  located  in  these  counties  which  have  not  reported.  '^ 
this  into  consideration  it  would  be  safe  to  say  that,  in  all,  the 
houses  in  these  10  coimties  could  store  almost  1,000,000  bi 
cotton.  The  table  shows  further  that  the  production  of  these  a 
for  1913  was  only  170,375  bales,  as  reported  by  the  United 
Census  Bureau. 

The  second  section  of  this  table  shows  the  conditions  in 
coimties  producing  the  most  cotton  in  1913.  It  will  be  seen  tl 
warehouses  in  these  counties  have  a  storage  capacity  of  only  1 
bales.  The  10  cotton  mills  reporting  can  store  15,400  bales,  i 
a  total  storage  capacity  for  the  10  counties  of  only  133,655 
while  the  1913  production  for  these  coimties  was  437,605  bales 
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Tablb  I. — Showing  the  prodticHon  of  cotton  in  certain  counties  in  Georgia,  in  running 
bales f  and  the  distributum  of  waretimsei,  their  number^  character ^  and  storage  capacity, 
in  flat  bales. 


Productk>n 
in  running 
bales,  19ld. 

Mill  warehouses. 

Other  warehouses. 

Total 
warehouse 
capacity  in 
flat  b^es. 

Coonty. 

Number 
reporting. 

Capacity  in 
flat  bales. 

Number 
reporting. 

Capacity  in 
flat  bales. 

Bibb I 

10,600 

3 

19,800 

7 
8 
5 

18 
3 

16 
4 

20 

16 
7 

40,500 
53,000 
35,500 
22,780 
44,100 
19,850 
37,600 
121,950 
22,850 
21,250 

60,300 
53,000 
42,800 
22,780 
77,000 
23,650 

^>»ftthiiin , 

Clarke 

13,291 
39,365 

2,644 
44,550 

7,940 
10,765 
16,178 
25,052 

7 

7,300 

Dooly 

Fulton 

8 
3 
8 
6 

32,900 
3,800 
47,875 
25.000 

Miiicogw , 

85,375 

Richmond 

146,960 

Stewart 

22,860 

Xroup 

12 

55,800 

77,050 

Total 

170,375 

47 

192,476 

103 

419,280 

611,755 

Bulloch 

41,667 
53,687 
30,878 
39,366 
41,298 
44,560 
63,740 
39,005 
38,614 
45,801 

2 
6 
17 
-    18 
10 
16 
16 
11 
10 
6 

4,000 

6,800 
10,575 
22,780 

9,850 
19,850 
11,550 
13,000 
10,350 

9,500 

4,000 
6,800 
16,076 
22,780 
9,850 

Burke 

Carroll 

3 

5,500 

Dooly •.. 

Emanuel  .             

J&ckson 

3 

1 

3,800 
1,200 

23,650 
12,750 
13,000 
10,350 
14,400 

T.Aurens , . , 

Sumter .  r .  . .               

Terrell 

Walton 

3 

4,900 

Total 

437,606 

10 

15,400 

112 

118,255 

133,655 

It  will  be  seen  that  the  number  of  warehouses  in  the  first  group  of 
counties  is  less  than  the  number  in  the  second  group.  The  average 
storage  capacity  in  the  first  group  is  approximately  4,000  bales,  while 
in  the  other  it  is  approximately  1,000.  It  will  be  seen  further  that 
only  two  counties  appear  in  both  of  these  groups.  This  table  is  pre- 
sented to  illustrate  the  fact  that  the  warehouses  are  not  distributed 
with  reference  to  production.  It  also  shows  that  the  larger  and  better 
storage  houses  are  located  in  the  nonproducing  counties.  It  is  well 
to  note  the  fact  that  Georgia  has  a  greater  number  of  warehouses  than 
any  other  State,  and  that  their  distribution  is  probably  better,  but 
even  in  this  State  the  distribution  is  not  such  as  to  best  serve  the 
fanner. 

NORTH   CAROLINA. 

Table  II  (p.  8)  gives  the  same  information  for  certain  counties  in 
North  Carolina  that  Table  I  gives  for  Georgia.  It  is  interesting  to 
note  that  some  of  the  counties  of  this  State  which  have  warehouses 
with  large  combined  storage  capacity  have  a  very  small  production. 
It  will  be  noticed  further  that  some  of  the  counties  which  produce* 
large  amounts  of  cotton  have  very  few  warehouses  or  frequently  none 
at  all.  When  the  survey  of  this  State  was  being  made,  it  was  very 
noticeable  that  the  faciUties  available  were  entirely  inadequate,  and 
that  those  storage  houses  which  were  in  use  were  not  so  distributed  as 
to  be  of  the  greatest  benefit  to  the  cotton  producer.  It  will  be  seen 
that  10  coimties  have  39  warehouses,  with  a  total  capacity  of  133,770 
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les.  These  are  the  10  counties  having  the  largest  amou 
)rage  space,  yet  the  production  for  the  same  counties  in  191 
3,483  bales,  or  approximately  50,000  bales-  more  than  coi] 
)red  in  all  the  pubUc  and  private  warehouses.  These  coimtic 
ve  90  cotton  mills,  whose  warehouses  have  a  total  capac 
7,525  bales,  making  a  combined  storage  capacity  for  these  co^ 
241,295  bales. 

BLB  II. — Showing  the  production  of  cotton  in  certain  counties  in  North  Caro 
unning  bales,  and  the  diBtribution  of  warehoiises,  their  number,  character,  and 
apadty  in  flat  bales. 


Connty. 


Production 
in  mnnins 
'    •   1,1913. 


Number 
reporting. 


icm  warehouses. 


Capacity  in 
flat  bales. 


other  warehouses. 


Number 
reporting. 


Capacity  in 
flat  bales. 


^eland...!.. 
aberland... 

nklln 

iton 

Word 

;klenburg... 
r  Hanover. . 

ipson 

ke 

yne 


Total.., 

^combe... 

ifax 

nston , 

iklenburg. , 

jh 

yeson 

tland 

ion 

ke 

yne 


Total. 


23,482 
19,155 
15,536 
13,706 
435 
31,164 


21,510 
28,530 
29,965 


13,625 

7,600 

3,500 

34,150 

22,500 

14,760 

760 


8,060 
2,600 


5,670 
11,300 
6,800 
9,600 
15,000 
32,000 
30,000 
9,300 
5,100 
9,100 


183,483 


90 


107,525 


133,770 


29,676 
32, 110 
38, 761 
31,164 
29,860 
54,039 
27,649 
31,409 
28,530 
29,965 


8,100 
11,400 

9,900 
14,760 


1,800 

1,700 

1,200 

32,000 


12,400 
10,300 
5,600 
8,060 
2,600 


3,700 


4,200 
5,100 
9,100 


333,153 


52 


83,100 


25 


58,800 


In  the  second  part  of  this  table  it  will  be  seen  that  the  10  co 
ted  have  only  25  warehouses  and  that  these  can  store  only  I 
les.  On  the  other  hand,  the  total  production  of  cotton  is  3^ 
les,  or  almost  six  times  the  amount  of  the  total  storage  capa^ 
the  pubUc  and  private  warehouses.  More  than  one-half  c 
ace  is  located  in  one  county,  and  this  is  used  almost  entire 
tton  dealers.  These  counties  have  52  cotton  mills  which  can 
,100  bales.  Adding  this  to  the  capacity  of  public  and  p 
irehouses,  we  have  a  maximum  possible  storage  space  for 
unties  of  only  141,900  bales,  which  is  less  than  one-half  the  a 
oduction  for  the  same  counties.  When  we  take  into  conside 
e  fact  that  very  few  of  the  cotton  mills  allow  the  farmer  to  uf 
their  storage  houses  and  that  many  of  the  other  warehous 
bended  primarily  for  the  private  use  of  merchants  and  cotto 
rs,  it  will  be  seen  that  the  farmers  at  best  could  store  only  c 
lall  proportion  of  their  annual  production. 
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In.  many  primary  markets  there  are  no  storage  houses  at  all. 
Cotton  frequently  remams  on  the  ground,  in  public  yards,  and  about 
supply  stores  for  weeks,  where  it  is  damaged  by  weather  and  en- 
dangered by  fire.  In  North  Carolina  cotton  is  stored  by  the  dealer 
in  order  to  aid  in  financing  his  transactions,  but  seldom  by  anyone 
for  protection  from  "country  damage.'* 

GEORGIA   AND  ALABAMA. 

On  further  examination  Table  VII  seems  to  indicate  that  Georgia 
and  Alabama  are  best  served  at  present,  especially  when  we  take  into 
consideration  the  distribution  of  warehouses  with  reference  to  produc- 
tion. These  States  have  by  far  a  greater  number  of  warehouses  than 
any  others.  In  Georgia  1,089  pubUc  and  private  warehouses  and 
the  storage  houses  belonging  to  151  cotton  mills  have  a  combined 
capacity  of  2,105,780  bales,  which  is  not  far  short  of  the  1913  pro- 
duction. Something  of  the  distribution  of  these  warehouses  has  been 
shown  in  Table  I.  As  previously  noted,  it  appears  that,  with  refer- 
ence to  distribution,  Georgia  is  better  suppUed  with  cotton  warehouses 
than  any  other  State.  The  available  storage  space  in  Alabama  is 
greater  than  the  annual  production,  and  the  fact  that  there  are  581 
warehouses  seems  to  denote  that  those  now  in  use  in  that  State  are 
fairly  weU  distributed. 

SOUTH  CABOUNA,   MISSISSIPPI,   AND  OKLAHOMA. 

t 

Reports  indicate  that  the  situation  in  South  CaroUna,  Mississippi, 
and  Oklahoma  is  about  the  same.  We  see  from  Table  VII  that  each 
of  these  States  has  a  storage  capacity  slightly  in  excess  of  the  pro- 
duction, but  the  number  of  warehouses  in  each  of  these  States  is 
much  less  than  in  Georgia  and  Alabama.  Owing  to  the  fact  that  the 
investigations  in  these  States  have  been  very  limited,  it  is  not  possible 
to  state  the  situation  definitely.  But  the  comparatively  small  num- 
ber of  warehouses  would  seem  to  indicate  that  they  are  located  in 
the  principal  towns.  This  means  that  many  of  the  small  and  even 
medium-sized  towns  are  not  well  supplied  with  storage  houses.  The 
trouble  in  these  States  is  not  necessarily  with  the  total  storage 
capacity  of  the  cotton  warehouses,  but  with  the  poor  distribution  of 
those  now  in  use. 

ARKANSAS   AND   NORTH   CAROLINA. 

It  will  be  seen  (Table  VII)  that  the  warehouse  space  in  Arkansas 
is  insufficient  to  shelter  the  annual  production  and  that  the  number 
of  warehouses  is  small.  It  must  be  considered  fiu*ther  that  a  number 
of  large  warehouses  are  located  in  Pine  Bluflf  and  Fort  Smith.  This 
would  seem  to  show  that  many  of  the  small  towns  are  not  properly 
supplied.  The  situation  is  very  much  the  same  in  North  Carolina. 
It  will  be  seen  that  the  number  of  warehouses,  not  including  those 
belonging  to  the  cotton  mills,  is  very  small.  The  combined  storage 
86344'*— BuU.  216—15 2 
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acity  of  public  and  private  warehouses  and  storage  houses  b( 
to  cotton  mills  falls  far  short  of  the  annual  production.  It  is  b 
t  comparatively  few  of  the  mills  permit  farmers  to  use  their 
Lses.  Many  of  the  mills  buy  the  cotton  which  they  use  from 
tes.  From  a  rather  thoi^ough  investigation  of  conditions  h 
te  it  has  been  found  that  very  few  of  the  small  towns  hav 
'ehouses.     Most  of  the  warehouses  in  the  State  are  locatec 

of  the  central  markets  and  are  controlled  and  used  primari 

dealers.  North  Carolina  is  probably  in  more  serious  ne 
rage  houses  than  any  of  the  other  cotton-producing  State 
lid  seem  that  many  new  warehouses  could  be  constructec 
rated  at  a  profit  in  this  State.     The  warehouses  at  Norfolk 

used  largely,  however,  by  North  Carolina  merchants,  an< 
ds  to  relieve  the  situation,  especially  in  the  northeastern  p; 

State. 

TEXAS. 

t  will  be  seen  (Table  VII)  that  the  storage  capacity  (as  oflFer< 
the  warehouses  in  Texas  is  more  than  a  million  bales  short  < 
Lual  production.  Reports  from  this  investigation  show  that 
n  half  of  this  space  is  located  in  Galveston  and  Houston. 
ws  clearly  that  the  warehouses  in  the  producing  sections  are  en 
dequate.  As  there  are  only  497  warehouses  in  the  State,  it  c 
Limed  that  most  of  them  are  large  and  located  in  the  more  i\ 
t  towns.  This  seems  to  be  conclusive  proof  that  only  a  con: 
jly  small  percentage  of  the  farmers  could  store  their  cotton  ij 
hed  to  do  so. 

SUMMARY  OF  DlSTRIBirnON. 

n  summarizing  the  storage  situation  it  may  be  repeated  thj 
ton  warehouses  now  in  use  have  an  ample  storage  capacitj 
y  are  so  located  and  the  conditions  imder  which  they  opera 
h  that  in  many  cases  they  do  not  serve  their  purposes.  In  J 
olina,  Arkansas,  and  Texas  the  total  capacity  of  all  of  the 
ises  is  not  equal  to  the  annual  production,  and  those  that  i 
are  not  properly  distributed.  In  Georgia  and  Alabama  st 
Uties  seem  to  be  ample  in  volume  and  fairly  well  distributee 
service  is  not  of  the  best.  In  the  other  States  facilities  are  i 
itorage  capacity,  but  the  warehouses  are  not  properly  distri 
are  they  so  operated  as  best  to  serve  the  producers.  In  all  i 
majority  of  the  cotton  warehouses  do  not  appear  to  be  renc 
[jient  service  to  the  industry  as  a  whole. 

SESVIGB  OF  WAREHOUSES  NOT  SATISFACTORT. 

SPACE   NOT  AVAILABLE. 

VTiile  an  attempt  has  been  made  to  show  that  in  storage  caj 
warehouses  now  in  use  are  fully  adequate,  it  is  not  meant  U 
'  the  impression  that  those  who  produce  cotton  can  get  prope 
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efficient  warehouse  service.  This  is  far  from  the  case.  Most  of  the 
best  storage  houses  belong  to  the  cotton  mills  and  to  cotton  factors 
or  commission  merchants.  The  mills  have  built  their  warehouses 
for  storing  the  cotton  which  they  buy  for  spinning.  They  were 
never  intended  as  pubUc  storage  houses,  and  they  are  available  for 
such  use  in  very  few  instances.  The  factors  have  not  built  ware- 
houses for  the  purpose  of  doing  a  storage  business,  but  in  order  to 
aid  in  their  regular  transactions.  But  few  of  these  persons  would 
build  warehouses  for  the  storage  fees  they  collect,  but  they  are 
forced  to  operate  the  warehouses  in  order  to  handle  the  cotton  which 
is  consigned  to  them  for  sale.  It  will  be  seen,  therefore,  that  but 
few  of  the  best  storage  houses  now  in  use  are  available  to  the  farmer 
unless  he  is  willing  to  ship  his  cotton  to  the  factor  and  pay  him  a  fee  for 
selling  it,  in  addition  to  regular  storage  charges.  Many  farmers  are 
averse  to  shipping  their  cotton  to  another  town  and  consigning  it  to 
a  factor  or  commission  merchant.  They  usually  expect  to  receive 
the  money  at  the  time  the  cotton  is  delivered.  Many  farmers  are 
reluctant  to  pay  any  charges  whatever.  This  attitude  is  unfortu- 
nate, for  it  eliminates  them  from  participation  in  the  use  of  the  best 
storage  facilities. 

THE  SMALL  WABBHOUSB  BENDERS  POOR  SERVICE. 

The  service  rendered  by  the  smaU  warehouses  in  the  primary 
markets  is  almost  universally  unsatisfactory.  The  warehouse  own- 
ers are  not  to  blame  for  this  poor  service.  The  cost  of  handling 
is  much  greater  than  in  the  case  of  larger  establishments,  and 
the  insurance  rate  is  usually  four  or  five  times  as  great  as  in  the 
standard  warehouses  in  larger  towns.  One  might  at  first  be  inclined 
to  thmk  that  they  should  erect  costly  buildings,  but  in  most  cases 
this  would  not  pay,  for  there  is  not  a  sufficient  volume  of  business. 
Very  few  farmers  will  store  their  cotton  when  the  market  price  is 
fairly  satisfactory.  A  good  storage  building  might  be  erected  in  a 
small  town  and  a  fair  profit  be  made  for  one  year,  but  it  might  be 
four  years  or  even  longer  before  it  would  again  be  well  patronized. 
The  chances  are  that  during  this  period  the  fees  collected  would  not 
pay  the  cost  of  operation.  The  investor  would  lose  all  of  the  money 
made  in  one  year  in  addition  to  the  interest  on  the  funds  invested 
in  the  building.  The  result  is  that  most  of  the  warehouses  erected 
in  such  towns  are  owned  primarily  by  merchants  or  cotton  buyers 
for  use  in  connection  with  their  business.  They  are  not  intended 
for  the  use  of  farmers,  and  when  a  year  of  very  low  prices  comes  they 
are  not  in  position  to  render  the  service  that  the  farmer  expects. 

COOPERATION   ON  THE   PART  OF  FARMERS. 

From  the  foregoing  it  would  seem  that  the  most  satisfactory  solu- 
tion of  the  situation  would  be  for  the  farmers  to  form  cooperative 
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sociations  and  build  their  own  storage  houses.  They  ca 
:pect  others  to  invest  thousands  of  dollars  in  storage  housa 
lU  lie  idle  for  several  years  and  make  a  profit  for  only  one 
0  business  men  will  invest  their  money  m  such  a  way.  Fa 
ust  build  their  own  storage  houses  or  remain  dependent  upc 
erchants  and  cotton  factors.  It  would  seem  also  that  the 
id  trade  in  general  should  encourage  the  preservation  of  cott 
orage  by  discriminating  individually  against  **  country  dam 
>tton.  This  would  put  a  premium  on  cotton  in  good  conditio 
Duld  thus  tend  to  encourage  storage. 

WAREHOUSES   NOT   WELL  DISTBIBUTED. 

It  has  been  stated  that  in  abrogate  storage  capacity  present 
les  are  ample  but  the  warehouses  are  not  properly  distril 
ae  investigation  showed  that  in  many  places  in  every 
eluding  those  with  the  greatest  number  of  warehouses,  thoi 
bales  of  cotton  are  ^^ stored''  on  the  streets  and  platforms,  < 
>out  gins  and  farms,  while  all  the  warehouses  in  use  are 
their  greatest  capacity.  In  other  sections  of  the  same 
Bquently  in  the  same  county,  warehouses  were  foxmd  the 
led  very  little.  This  indicates  that  very  poor  judgment  has 
:ercised  in  the  location  of  storage  houses  and  that  those  whc 
tton  to  be  protected  can  not  get  the  service  which  mig 
:pected  from  the  figures  shown  in  Table  VTI.  Doubtless  man 
^rehouses  should  be  erected  in  sections  that  are  not  now  S( 
any  of  the  houses  which  have  been  improperly  planned  shoi 
constructed  in  order  to  obtain  better  insurance  rates  and  i 
)tter  service.  Some  of  the  inferior  houses  should  be  destroj 
led  for  hay  bams  or  for  other  purposes.  Wherever  possibl 
rmer  should  be  allowed  the  use  of  cotton  mill  and  other  p 
Etrehouses,  and  he  should  be  encouraged  in  every  possible  *« 
Dre  and  protect  his  cotton.  On  the  other  hand,  he  should  b< 
g  to  change  his  present  practice  and  his  ideas  in  regard  t 
orage  business. 

STORAGE  FACnJTIES  NOW  AVAILABLE. 

GEORGIA  AND  NORTH  CAROLINA. 

Table  III  (p.  13)  gives  the  results  of  the  survey  in  Georgi 
3rth  Carolina.  It  will  be  seen  that  the  storage  capacity  of 
►uses  is  given  in  flat  or  xmcompressed  bales,  in  cotton  as  oi 
id  also  in  the  compressed  form.  All  the  figures  relating  t 
3rage  capacity  of  warehouses  belonging  to  cotton  mills  rel 
icompressed  or  flat  cotton.  In  the  investigation  in  these  ! 
formation  as  to  the  storage  capacity  of  all  warehouses  in  flat 
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^was  requested.  From  this  list  a  careful  estimate  has  been  made  of 
the  quantity  in  compressed  cotton  which  these  same  warehouses 
could  store.  A  detailed  study  of  the  entire  situation  has  been  made 
in  order  to  ascertain  which  warehouses  ordinarily  receive  flat  cotton 
and  which  receive  compressed  cotton.  "Capacity  as  offered''  in  the 
table  represents  the  total  number  of  bales  which  these  warehouses 
would  hold,  in  the  form  in  which  it  is  usually  offered,  as  thus  esti- 
mated. This  table  also  shows  the  total  number  of  warehouses  in  the 
State,  the  number  reporting,  and  the  number  not  reporting.  The 
capacities  entered  in  the  table  are  for  those  warehouses  which  made 
reports. 

Table  III  abo  shows  the  storage  capacity  of  the  warehouses 
owned  by  cotton  mills  in  Georgia  and  North  Carolina.  The  data 
upon  which  this  table  is  based  were  secured  directly  from  the  mills. 
A  letter  of  inquiry  was  sent  to  aU  cotton  miUs  in  these  States  asking 
for  information  regarding  storage  facilities,  including  the  capacity  of 
their  warehouses,  and  insurance  rates.  The  table  shows  the  number 
of  mills  reporting,  together  with  the  total  storage  capacity  of  the 
warehouses  belonging  to  those  of  each  State. 

Table  IU. — Number  and  storage  caj^acity  of  warehouses  in  Georgia  and  North  Carolina 
(beginning  of  191S-14  season). 


Kind  of  ware- 
houses. 

State. 

Total 
number 

Number 
reporting. 

Number 
not  re- 
porting. 

Capacity  in  bales.* 

Flat. 

As  offered. 

Com- 
pressed. 

Public  and  pri- 
vate. 
Cotton  mill 

/Georgia 

900 
128 
151 
326 

668 
114 
123 
274 

322 
14 
28 
52 

1,038,445 
182,705 
307,875 
368,406 

1,281,745 
220,205 

1,746,060 
318,855 

\NortfiCarollna. 

Qeoreia ,... 

Do      

NorthTcarolina. 

1  Data  secured  from  warehouses. 

s  The  totals  given  here  include  only  the  warehouses  reporting. 

THE  COTTON  BELT  IN  GENERAL. 

Table  IV  (p.  14)  gives  the  result  of  a  letter  of  inquiry  sent  to  the 
county  agents  in  the  cotton-growing  States.  Written  reports  were 
received  from  these  agents  which  gave  the  names  and  storage  capaci- 
ties of  the  number  of  warehouses  in  each  State  entered  in  this  table. 
Some  of  these  reports  referred  to  cotton  in  the  imcompressed  form, 
some  to  compressed  bales,  and  still  others  did  not  indicate  to  which 
form  they  referred.  As  a  result  of  a  careful  estimate,  there  is  shown 
in  one  colimm  the  number  of  flat  bales  these  warehouses  could  store, 
and  in  another  the  number  of  compressed  bales.  The  form  in  which 
cotton  is  ordinarily  offered  for  storage  has  also  been  determined  as 
nearly  as  possible,  and  the  capacity  as  thus  estimated  is  given  under 
the  coliunn  headed  "As  offered.'' 
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The  same  plan  was  followed  in  arriving  at  the  storage  capacity  of 
North  Carolina  warehouses.  By  referring  again  to  Table  III,  it  will 
be  seen  that  the  average  storage  capacity  for  the  114  warehouses 
reporting  from  tins  State  is  1,602  flat  bales,  2,015  bales  as  offered, 
and  2,709  compressed  bales.  This  is  very  close  to  the  average  in 
Georgia,  and  the  same  figures  have  been  used  in  determiiiing  the 
probable  storage  capacity  of  the  14  warehouses  not  reporting; 
namely,  600  flat,  800  as  offered,  and  1,000  compressed.  This  gives 
the  following  total  capacity  for  North  Carolina:  Flat  bales,  191,106, 
as  offered  240,405,  and  compressed  332,855. 

By  referring  further  to  Table  III,  it  will  be  seen  that  the  complete 
list  for  Georgia  comprises  990  warehouses.  Table  IV  shows  that  the 
coimty  agents  reported  only  214  warehouses  with  the  storage  capac- 
ity indicated.  This  is  less  than  one-fourth  of  the  number  on  the 
complete  list.  In  North  Carolina  the  agents  reported  only  55  ware- 
houses, which  is  less  than  one-half  the  number  that  are  in  use  in  that 
State.  In  arriving  at  the  number  of  warehouses  for  the  different 
States  it  would  seem  justifiable  to  estimate  that  the  agents  reported 
about  one-third  or  one-fourth  of  the  actual  number,  inasmuch  as  they 
reported  less  than  one-fourth  of  the  number  actually  existing  in  the 
States  of  Georgia  and  North  Carolina  combined,  where  detailed  sur- 
veys had  been  made.  But  in  order  to  be  on  the  safe  side,  it  has 
been  assumed  that  they  reported  approximately  one-half  of  the 
niunber  in  each  cotton  State,  except  Georgia  and  North  Carolina,  in 
which  States  the  number  indicated  by  the  survey  has  been  used. 
Doubling  the  number  of  warehouses  reported  by  the  county  agents  as 
shown  in  Table  IV,  there  results  the  number  given  in  Table  V.  The 
exact  number  reported  in  Virginia,  Florida,  and  Tennessee  is  shown,  as 
the  warehouses  in  these  three  States  are  located  chiefly  in  large  cities, 
and  it  is  beheved  that  fairly  complete  figures  have  been  obtained. 

The  next  problem  is  to  arrive  at  the  storage  capacity  in  the  different 
States.  It  has  been  explained  how  this  estimate  was  made  for 
Georgia  and  North  Carolina,  and,  it  will  be  remembered,  this  was 
based  on  a  comprehensive  survey  of  these  States.  Comparing  again 
Tables  IV  and  V,  it  wiU  be  seen  that  the  reports  of  the  coimty  agents 
for  (Georgia  show  a  total  storage  capacity  of  less  than  one-half  of  that 
actually  developed  by  the  comprehensive  survey.  In  North  Carolina 
the  same  reports  cover  less  than  one-third  of  the  storage  space  which 
actually  exists.  This  seems  to  be  sufficient  justification  for  multi- 
plying the  capacities  shown  in  Table  IV  by  two  and  one-half  or  even 
by  three.  But  instead  of  doing  this,  after  ehminating  the  large 
shipping  centers,  the  capacities  reported  by  the  county  agents  have 
been  doubled,  except  in  Georgia  and  North  Carolina,  where  the 
figures  of  the  complete  survey  are  used.  The  reported  capacity  of 
warehouses  for  Virginia,  Florida,  and  Tennessee  has  not  been  in- 
creased.   In  addition,  the  storage  space  as  reported  for  Charleston, 
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few  Orleans,  Houston,  Galveston,  Memphis,  and  Pine  BluflF 
I  given  as  reported.     In  these  towns  there  are  many  large  s 
lonses,  and  the  reports  seem  to  indicate  that  they  cover  the  co 
torage  capacity. 

Table  VI  (p.  16)  is  derived  directly  from  Table  V.     The 
;iven  in  Table  V  are  believed' to  be  a  very  safe  estimate  of  the 
ble  storage  facilities  in  the  South  in  the  early  part  of  1914  or 
he  cotton  season  of  1913-14.     it  is  impossible  to  state,  of 
ust  how  many  new  warehouses  have  been  erected  and  ho'w 
he  total  storage  capacity  has  been  increased  in  this  way. 
torage  houses  have  been  constructed   to  help  meet  the  ] 
mergency.     This  increase  has  been  estimated  at  10  per  cent, 
3  a  very  conservative  estimate.     Table  VI  is  the  same  as  T 
nth  a  10  per  cent  increase  in  the  number  of  warehouses  and 
Qcrease  in  the  total  storage  capacity.     In  another  colunm  is 
he  1913  production  by  States  in  running  bales  ^  as  reported 
Jensus.     In  this  way  a  comparison  between  the  storage  facihti 
.vailable  and  the  production  can  be  madd  very  readily. 

'able  VI. — Estimated  number  and  storage  capacity  of  all  warehouses  in  the  coi 
mating  allowance  for  a  10  per  cent  increase  since  August^  1914,  compared 
production  in  running  hales,  by  States. 


state. 


labama 

rkansas 

lorida 

eorgia 

ouisiana 

[ississippi 

orth  Carolina. 

'klahoma 

outh  Carolina. 


exas 

Irglnla.... 
U  others.. 

Total. 


Num- 
ber. 


581 
233 

51 
1,069 
200 
167 
149 
U20 
337 

31 
497 


3,485 


Storage  capacity  in  bales. 


Flat.        As  offered.  Compressed. 


1,628,935 
714,780 
225,060 

1,354,810 
809,600 
892,540 
210,216 
540,600 

1,156,760 
582,285 

1,946,494 
219,890 


10,281,970 


1,884,355 

965,800 

357,830 

1,003,280 

1,095,930 

1,525,810 

264,446 

842,330 

1,363,560 

919,435 

2,513,324 

316.580 


13,742,680 


2,741,630 
1,017,500 

380,270 
2,274,866 
1,260,490 
1,665,840 

366,141 

927,845 
1,887,380 

935,011 
3,531,770 

329,065 


17,317,708 


1  The  names  of  26  companies  reporting  to  us  have  been  added.    This  is  more  than  the  10  per  oeni 
her  States  from  which  no  reports  were  received  of  the  number  of  new  warehouses. 

In  connection  with  the  estimate  of  the  probable  increase  in  i 
Eicihties,  it  may  be  well  to  state  that  the  Marketing  Division 
forth  Carolina  Experiment  Station  has  published  the  results 
ivestigation  which  indicate  that  the  storage  space  provide< 
tie  1913-14  season  in  that  State  would  be  sufficient  to  store  1 
ales.  By  referring  to  Table  V  it  will  be  seen  that  this  is  an  ii 
f  almost  100  per  cent  over  the  space  available  in  1913-14. 

In  Oklahoma  41  warehouse  companies  were  chartered  frc 
rst  of  September,  1914,  to  about  the  middle  of  October  of  th 

1  By  the  term  "ruzmhig  bales"  is  meant  the  actual  number  of  bales  produced,  which  fs  not  e 
me  as  the  number  of  500-pound  bales  ordinarily  used  for  statistical  purposes. 
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year.  Letters  were  sent  to  these  companies  to  determine  whether 
tliey  had  actually  constructed  buildings,  and  if  so,  the  storage  capaci- 
ties- of  these  new  warehouses.  Replies  were  received  which  show 
that  26  of  the  41  companies  have  actually  constructed  buildings  and 
are  doing  a  storage  business.  The  reported  capacity  of  these  26 
warehouses  is  53,250  bales.  This  is  an  increase  of  over  10  per  cent  in 
the  cotton  storage  space  in  the  State,  and  20  per  cent  in  the  number 
of  warehouses.  It  is  certain  that  many  other  warehouses  have  been 
constructed  since  that  time,  and,  in  all  probability,  a  number  of 
persons  who  have  not  applied  for  charters  are  doing  a  storage  busi- 
ness. In  view  of  the  fact  that  these  two  investigations  show  such  a 
lai^e  increase  in  the  apparent  storage  facilities  in  the  autumn  of  1914, 
the  estimate  of  10  per  cent  as  the  average  increase  for  the  cotton  belt 
must  appeal  to  everyone  as  being  very  conservative. 

ESTIMATED  STORAGE  CAPACTFT  OF  COTTON-MILL  WASEHOUSES. 

GEORGIA. 

In  Geoi^a  there  are  151  cotton  mills  (Table  VII).  Reports  received 
from  123  of  these  show  that  the  total  capacity  of  their  warehouses  is 
398,875  bales  of  uncompressed  cotton  (see  Table  III).  This  is  an 
average  of  3,317  bales  per  mill.  Making  the  supposition  that  the 
28  mills  not  reporting  have  warehouses  of  equal  average  capacity, 
their  total  storage  capacity  is  almost  100,000  bales.  This,  added  to 
the  figures  actually  reported,  would  give  a  combined  storage  capacity 
of  almost  500,000  bales.  In  order  to  avoid  any  overestimation,  it 
has  been  assumed  that  only  15  of  the  28  cotton  mills  have  storage 
houses  and  that  the  average  capacity  of  these  warehouses  is  1,000 
bales,  or  less  than  one-third  the  average  capacity  of  those  reporting. 
This  would  give  a  total  storage  capacity  of  15,000  bales.  Adding  this 
to  the  397,875  bales  actually  reported  gives  an  estimated  total 
capacity  for  the  mill  warehouses  of  the  State  of  412,500  bales.  Any 
error  that  may  exist  in  this  estimate  is  on  the  conservative  side. 

Table  VII. — Estimated  number  and  storage  capacity  of  warehouses  and  cotton-mill  ware' 
houses  now  in  use  compared  with  the  production  of  each  State^  in  running  bales,  for 
191S. 


Warehouses. 

Cotton  mills. 

Combined 
storage 

1913  pro- 

State. 

Number. 

Capacity 

in  bales  as 

offered. 

Number. 

Capacity 
in  flat 
bales. 

duction  in 

running 

bales. 

Alabama 

581 
233 

51 
1,089 
200 
167 
149 
120 
337 

31 
497 

30 

1,884,355 

965,800 

357,830 

1,693,280 

1,095,930 

1,525,810 

264,446 

842,330 

1,363,560 

919,435 

2,513,324 

316,580 

62 

6 

1 

151 

6 

18 

326 

7 

164 

27 

36 

19 

62,000 

6,000 

1,000 

412,500 

6,000 

18,000 

400,995 

7,000 

300,000 

27,000 

36,000 

19,000 

1,946,355 

971,800 

358,830 

2,105,780 

1,101,930 

1,543,810 

665,441 

849,330 

1,663,560 

946,435 

2,549,324 

835,580 

1,483,669 

Arkansas 

1,038,298 

Florida 

66,700 

Georgia      

3,346,237 
436,865 

Ifississippi 

1,251,841 

North  darolina 

842,499 
837,996 

Oklahoma , , , - 

8oath  Octfolina -  - 

1,418,704 
366,786 

TwmoewM 

3,773,024 

Virginia 

24,569 

Allothers 

95,629 

TotaL 

3,485 

13,742,680 

823 

1,295,495 

15,038,175 

13,982,811 
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NORTH  CAROLINA. 


In  North  Carolina  there  are  326  cotton  mills  (Table  VII). 
)rts  were  received  from  274  of  these,  showing  the  total  s 
ipacity  of  these  null  warehouses  to  be  368,495  flat  bales,  or  an 
;e  of  1,346  bales  each.  If  it  is  assumed  that  the  mills  not  r 
g  have  an  average  capacity  equal  to  those  reporting,  their 
ned  storage  capacity  would  amoimt  to  about  70,000  bales.  A 
lis  to  the  amount  actually  reported,  we  have  a  total  of 
10,000  bales,  but,  as  in  the  case  of  Georgia,  in  order  to  avo 
3ssibility  of  any  overestimation  it  has  been  assumed  that  o; 

■  the  52  mills  have  warehouses  and  that  the  average  storage  ca 

■  these  is  only  1,250  bales.  Their  combined  capacity  at  thi 
ould  be  32,500  bales,  which,  added  to  the  amount  actually  rep 
ves  the  aggregate  storage  capacity  of  the  cotton  mills  of  the 
\  400,995  bales.  There  is  every  reason  to  beUeve  that  this  is 
w  estimate.  Some  of  the  largest  miUs  of  the  State  are  among 
hich  failed  to  make  reports.  The  average  storage  capacity 
arehouses  belonging  to  the  cotton  mills  thus  failing  to  report  is  < 
ss  greater  than  that  of  those  which  have  reported. 


SOUTH  CAROLINA. 


In  South  CaroUna  there  are  164  cotton  mills.  Reports  from  c 
jents  show  that  62  of  these  mills  have  warehouse  space  for  2 
des,  or  an  average  of  3,600  bales  each.  If  the  average  for  i 
►tton  mills  of  the  State  should  equal  the  62  included  in  th 
>rts,  a  total  of  590,000  bales  could  be  stored.  From  general 
itions  and  conferences  with  many  of  the  cotton-miU  men  in 
Eirolina  it  is  beheved  that  the  storage  space  of  the  mills  is  i 
rerage  very  large.  An  estimate  of  600,000  bales  apparently 
3  justified  by  the  reports  at  hand.  However,  an  estimate  o 
)0,000  bales  for  the  State,  or  approximately  one-half  of  the  i 
kt  storage  capacity,  has  been  used. 


OTHER   STATES. 


For  all  the  remaining  States  it  is  assumed  that  each  cotton  m 
storage  capacity  of  1,000  bales.  In  no  State  which  has  been  ii 
Lted  in  detail  is  the  average  storage  space  of  the  mills  so  sn 
lis.  Estimates  of  the  capacity  of  mill  warehouses  in  each 
►tton-producing  States,  determined  in  the  manner  just  expl 
ill  be  found  in  Table  VII,  which  shows  the  storage  capac 
arehouses  for  cotton  as  offered,  as  given  in  Table  VI,  wi 
fures  for  the  cotton  mills  added.  This  table  shows  the  esti 
imber  of  warehouses  and  their  storage  capacity  in  bales  as  o 
id  the  number  of  cotton-mill  warehouses  with  their  esti 
ipacity  in  flat  bales.    But  many  of  the  Tnilla  use  compressed  c 
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BO  the  estimate  for  the  warehouses  belonging  to  cotton  mills  might 
be  increased  greatly  without  danger  of  making  it  too  great.  In  the 
column  headed  "Combined  storage  capacity  for  State''  is  shown  the 
total  of  both  the  public  and  private  warehouses  and  cotton-mill 
warehouses. 

STORAGE  CAPACmr  COMPARED  WITH  PRODITCTION. 

The  next  column  (Table  VII)  shows  the  1913  production  of  each 
of  the  States.  It  will  be  seen  that  the  storage  capacity  of  all  the 
warehouses  is  greater  than  the  production.  In  addition  to  making 
conservative  estimates  in  every  case,  the  list  does  not  include  ware- 
houses in  St.  Louis,  Evansville,  and  the  storage  houses  belonging  to 
the  cotton  mills  in  Missouri.  Cotton  is  moving  to  eastern  ports  con- 
stantly and  being  exported,  and  extensive  warehouses  belonging  to 
the  cotton  mills  in  New  England  are  used,  all  of  which  tends  to 
increase  the  available  storage  space.  Fm^her,  efforts  have  been  made 
to  exclude  compress  sheds  and  terminal  sheds  belonging  to  raihoads 
and  other  transportation  companies,  so  in  presenting  this  estimate  it 
is  beheved  that  it  is  too  low  throughout  rather  than  too  high  in  any 
instance. 

INSURANCE  RATES  AND  COST  OP  BUILDINGS. 

DISCUSSION  OF  TYPES. 

Table  VIII  (p.  20)  gives  important  data  relating  to  the  different 
types  of  warehouses  now  in  use.  It  is  particularly  interesting  to 
notice  the  difference  in  the  cost  of  constructing  the  same  type  of 
warehouse  in  different  States.  A  comparison  of  cost  and  insiu^ance 
rates  of  different  types  in  the  same  State  is  also  interesting.  For 
example,  the  ordinary  brick  warehouse  costs  more  than  a  standard 
warehouse  with  board  ends  and  fire  walls,  and  at  the  same  time  pajrs 
a  much  higher  insurance  rate.  Further,  it  is  shown  that  those  ware- 
houses that  are  equipped  with  automatic  sprinklers  (Table  IX)  have 
cost  very  httle  more  than  the  others;  yet  they  have  a  very  much 
lower  insurance  rate.  The  automatic  sprinkler  is  costly,  but  the 
reduction  of  insurance  rates  helps  to  offset  the  additional  cost  of 
installation.  The  data  in  the  tables  show  clearly  that  it  is  best  to 
construct  standard  warehouses  and  equip  them  with  automatic 
sprinklers.  This  unquestionably  wiU  effect  a  great  saving.  In 
Georgia  and  North  Carolina  the  insurance  rate  is  reduced  about  80 
per  cent  by  the  use  of  sprinklers.  It  is  decidedly  interesting  to 
notice  the  lower  cost  of  construction  and  the  lower  insurance  rate 
on  the  warehouses  belonging  to  the  cotton  mills  in  each  of  the  States 
(Table  X).  From  this  it  may  be  concluded  that  a  great  saving 
could  be  effected  by  the  erection  and  proper  equipment  of  modem 
warehouses  conforming  to  the  standards  promulgated  and  recom- 
mended by  the  underwriters  associations. 
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VIII. — Comparative  cost^  storaae  capacity ^  insurance  rates ^  and  other  d 
ceming  public  and  private  warehouses  classified  according  to  construction. 


itate. 

TypeQfwarehooae 
(construction). 

Number. 

Total 

capacity 

in  flat 

bales. 

Average 

capacity 

in  flat 

bales. 

Total  cost 

capacity. 

Wood 

Corrugated  iFan . . . 
Brick 

26 

69 

215 

5 

22 
11 

5 
22 

14,250 
53,935 
280,170 
10,700 
20,750 
14,000 
13,250 
27,850 

548 
782 
1,303 
2,140 
944 
1,273 
2,650 
1,266 

$48,350 
125,820 
1,080,500 
31,750 
76,500 
40,050 
80,450 
27,820 

$3.40 
2.35 
3.80 
2.97 
3.64 
2.925 
1.54 
1.00 

'«ir>1inA. . . 

Standard 

Concrete  or  stone- 
Brick 

□aa 

Standard 

CoiTUgatedlron... 

I  IX. — Comparative  cost,  storage  capacUji,  insurance  rates,  and  other  d 
ning  public  and  private  warehouses  classified  according  to  sprinkler  equipm 


State. 

Equipment  of  ware- 
houses. 

Number. 

Total 

capacity 

in  flat 

bales. 

capacity 
in  flat 
balm. 

Total 
cost 

capacity. 

With  sprinklers 

Without  sprinklers.. 

With  sprinklers 

Without  sprinklers.. 

30 
30 

8 
8 

129,200 

63,200 

47,900 

8,600 

4,307 
2,107 
5,988 
1,075 

$527,900 

248,600 

173,500 

22,950 

$4.09 
3.77 
3.62 
2.67 

Carolina 

PLAN,  EQUIPMENT,  AND  COST. 

is  impossible  to  overestimate  the  importance  of  proper  pla 
rFUction,  and  equipment  of  cotton  warehouses.  These  hi 
rtant  bearing  not  only  upon  the  cost  of  the  structure  itse 
^ost  of  handling  cotton  but  also  upon  insurance  rates, 
c  warehouses  now  in  use  which  are  equipped  with  aut( 
klers  have  cost  about  $4  per  bale  storage  capacity,  and  < 
d  in  these  buildings  is  insured  at  an  average  of  about  25  ce 
5100  per  annum.  These  investigations  show  clearly  thi 
ige  cost  of  warehouses  not  so  equipped  is  not  very  much  les 
Br  bale  storage  capacity,  while  the  insurance  rate  is  very 
ir,  comparatively  speaking.  It  is  admitted  that  the  autc 
kler  equipment  is  expensive,  but  the  warehouses  now  i 
1  are  equipped  with  sprinklers  are  comparatively  large,  m 

have  been  built  according  to  the  underwriters'  standard 
general  way  they  have  been  planned  and  built  on  a  bi 
,  which  accounts  for  the  saving  in  cost  of  construction, 
the  present  crop  of  cotton  is  assumed  to  be  16,000,000  bale 
iiouses  to  store  all  of  it  could  be  constructed  and  equippec 
natic  sprinklers  for  $64,000,000  or  less.  If  all  of  this  crop  i 
ored  for  a  period  of  six  months  the  cost  of  insurance  at  J 

which    is   lower  than   the   average  paid   at    present, 
int  to  $8,000,000  if  the  cotton  is  valued  at  $50  per  bale.     : 
warehouses  costing  $64,000,000  this  cotton  could  be  stor 
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tlie  same  length  of  time  at  $1,000,000,  or  25  cents  on  the  $100  per 
axLQxim.  It  seems  a  radical  statement,  but  it  will  be  seen  that  if 
every  warehouse  now  in  existence  were  destroyed  and  new  ones 
constructed  to  protect  the  entire  crop,  the  expenditure  of  the 
S64,000,000  would  effect  an  annual  saving  of  $7,000,000,  assuming 
that  all  the  cotton  would  be  stored  for  a  period  of  six  months.  This 
saving  of  $7,000,000  would  represent  a  fair  income  on  twice  the  cost 
of  the  warehouses. 

This  is  a  rather  remarkable  showing,  but  if  we  would  profit  by  the 
experience  of  the  cotton  mills  and  adopt  their  methods  this  saving 
could  be  greatly  increased.  At  the  cost  of  constructing  the  present 
cotton-miU  warehouses  (Table  X),  it  would  be  possible  to  erect  build- 
ings to  store  the  16,000,000  bales  of  cotton  at  a  cost  of  $44,800,000. 
This  would  represent  a  saving  in  cost  of  construction  of  $19,200,000 
over  the  assimied  cost.  It  will  be  seen  further  from  Table  X  that 
the  mills  in  many  instances  pay  an  insurance  rate  of  less  than  12^ 
cents  on  $100.  On  this  basis  the  16,000,000  bales  of  cotton  valued 
at  $50  per  bale  could  be  stored  for  six  months  for  $500,000.  The 
figures  show  that  it  would  be  possible  to  make  a  saving  of  $7,500,000 
per  anniuB  by  the  investment  of  approximately  $45,000,000  for 
standard  and  pro]>erly  equipped  warehouses. 

INSURANCE  RATES. 

A  careful  examination  of  the  insurance  records  in  the  cotton-pro- 
ducing States  shows  that  the  average  insiurance  rate  is  about  3  per 
cent  per  annum,  including  all  cotton  risks.  These  investigations 
show  clearly  that  the  average  rate  on  cotton  in  the  present  ware- 
houses is  not  less  than  2  per  cent  per  annum,  and  if  cotton  in  com- 
press sheds,  terminal  yards,  and  various  other  hazardous  places  is 
included,  it  would  seem  that  an  estimate  of  3  per  cent  is  not  too 
high.  It  is  therefore  safe  to  use  2  per  cent  as  the  basis  of  the  esti- 
mates in  the  preceding  paragraphs.  Table  VIII  shows  that  a  large 
number  of  brick  warehouses  in  G^oi^a  and  North  Carolina  pay 
approximately  2  per  cent  and  that  the  buildings  constructed  of 
wood,  corrugated  iron,  concrete,  and  stone  pay  a  much  higher  rate, 
and  the  cost  of  construction  is  also  very  high  for  most  of  these  types. 

Table  X. — Comparative  co8t,  gtcrage  capacity^  insurance  rates ,  and  other  data  concerning 
cotton-mill  warehouses  with  automatic  sprinklers. 


State. 

Number. 

Total 

capacity 

fcflat 

bales. 

Avera|9B 

capacity 

in  flat 

bales. 

Total 
cost. 

Cost  per 
capacity. 

Average 

insurance 

rate. 

Georgia 

64 
73 

164,700 
109,950 

2,573 
1,506 

$461,698 
301,900 

$2.80 
2.76 

10.122 

Nof1>inw>1fnft 

.13 
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In  compaxing  the  cost  of  the  corrugated  iron  warehoui 
Georgia  and  Oklahoma,  it  is  well  to  remember  that  most  of  the 
ings  in  Geoi^a  have  wooden  floors  with  costly  brick  foimdi 
while  most  of  those  in  Oklahoma  have  dirt  floors,  which  ar< 
much  cheaper  and  carry  a  lower  insurance  rate.  It  is  also  tru 
many  of  the  houses  in  Oklahoma  have  been  erected  expressly  f 
storage  of  cotton,  while  some  of  the  houses  in  Georgia  are  use< 
for  cotton  and  other  products,  which  general  use  is  responsible 
higher  rate  of  insurance. 

GENERAL  CONCLUSIONS. 

BENEFTFS  TO  BE  DERIVED  FROM  A  SYSTEM  OF  WAREHOUSES. 

It  would  be  impossible  to  enumerate  all  of  the  benefits,  dire< 
indirect,  that  might  be  derived  from  the  inauguration  of  an 
and  efficient  system  of  storage  houses,  but  it  is  evident  that  £ 
system  would  be  of  great  assistance  in  handling  and  financii 
cotton  crop.  It  would  benefit  not  only  the  farmer  but  the  mer 
the  local  banker,  and  other  business  men.  A  storage  system 
erly  operated  and  used  would  eventually  free  the  cotton  f arme 
the  present  destructive  credit  system.  It  would  improve  cone 
in  the  cotton  market.  Much  * '  country  damage  "  and  loss  from  i 
essary  sampUng  would  be  prevented,  and  much  of  the  duplicai 
handling  and  marketing  cotton  under  the  present  complex  s 
would  be  eliminated.  Such  a  system  would  enable  the  farn 
distribute  the  sales  of  cotton  throughout  the  year,  and  in  thi 
avoid  depressed  prices.  Under  present  conditions  the  farmer : 
his  cotton  to  market  as  fast  as  it  can  be  picked  and  ginned,  an< 
'* bears"  his  own  market. 

DIFFICULTIES  UNDER  PRESENT  CONDmONS. 

There  are  many  disadvantages  connected  with  the  storage  bi 
as  conducted  at  present,  and  there  are  serious  difficulties  that 
be  overcome  before  an  adequate  system  can  be  inaugurated, 
present  facilities  are  poorly  distributed  and  frequently  not  avi 
to  the  farmer.  The  service  rendered  by  many  of  the  compai 
poor,  and  their  charges,  including  insurance,  are  unusually  high 
to  the  small  amount  of  cotton  ordinarily  stored  by  the  farmer, 
business  is  undesirable,  for  it  is  much  more  trouble  to  handle  cot 
small  lots.  The  cotton  mills  do  not  encoiurage  the  farmer  to  st< 
cotton,  as  their  usual  practice  is  to  make  a  general  allowance  f( 
and  damage.  This  average  is  charged  against  all  cotton,  whel 
reaches  the  mill  in  good  or  bad  condition,  so  there  is  Uttle  inc 
for  the  farmer  and  trade  in  general  to  go  to  any  trouble  or  ext 
pense  in  protecting  the  staple.  The  farmer,  therefore,  receives 
tically  no  benefit  from  the  system  now  in  operation,  and  it  is  nol 
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certam  that  he  would  take  kmdly  to  any  system  which  might  be 
devised.  As  a  general  proposition,  he  is  averse  to  storing  his  cotton, 
eBp>eciaIly  when  he  has  to  pay  any  direct  charge  for  the  service.  The 
majority  of  farmers  have  been  accustomed  to  selling  their  own  cotton 
and  receiving  the  money  for  it  when  it  is  delivered.  It  is  not  believed 
that  they  would  generally  patronize  any  storage  house,  if  to  do  so  it 
-were  necessary  to  ship  their  cotton  to  another  town.  It  is  equally 
true  that  they  will  not  cooperate  readily  with  each  other  in  building 
storage  houses  near  the  place  of  production. 

SELLING  COTTON  THROUGH  FACTORS. 

To  anyone  spending  much  time  in  the  cotton  markets  it  becomes  evi- 
dent that  our  cotton  crop  is  supporting  entirely  too  many  men.  This 
is  particularly  true  of  buyers  and  merchants  in  the  primary  markets. 
It  is  not  uncommon,  in  those  cities  where  from  10,000  to  15,000 
bales  are  marketed  in  one  season,  to  see  four  or  five  and  frequently  a 
larger  number  of  buyers  on  the  street.  Natiu*ally  these  men  must  be 
paid  for  their  services,  and  it  is  quite  evident  that  the  cotton  itself 
IS  taxed  to  cover  this  expense.  If  such  a  town  had  one  good  ware- 
house and  one  competent  cotton  man  to  represent  the  farmers,  these 
buyers  could  be  eliminated,  and  the  farmer  would  receive  the  benefit 
in  the  form  of  better  prices  for  his  cotton.  It  is  true  that  most  farm- 
ers prefer  making  their  own  sales,  but  in  very  few  cases  do  they  know 
the  grade  of  their  cotton  or  the  price  it  should  bring.  Consequently 
they  are  not  in  a  position  to  make  an  intelligent  sale.  It  would  be 
much  better  for  farmers  to  pay  a  nominal  fee  for  the  services  of  an 
experienced  man.  This  would  save  time  and  trouble  and  eventually 
place  the  cotton  trade  on  a  business  basis.  It  would  not  only  elimi- 
nate imnecessary  persons  connected  with  the  markets,  but  it  would 
save  the  farmer  much  time  now  lost  in  going  to  town  to  make  his.  sale 
and  would  prevent  the  waste  resulting  from  imnecessary  sampling. 

VALUE  OP  PLANS. 

The  importance  of  taking  the  necessary  precautions  in  planning 
warehouses  and  adhering  to  the  standards  of  the  underwriters'  asso- 
ciations is  forcibly  illustrated  by  a  comparison  of  five  standard 
warehouses  with  sprinkler  equipment  with  five  warehouses  without 
such  equipment,  all  of  which  are  located  in  the  same  Greorgia  city. 
The  five  warehouses  without  sprinklers  have  a  total  storage  capacity 
of  21,000  flat  bales,  or  an  average  of  4,200  bales  for  each  warehouse. 
These  buildings  cost  a  total  of  $82,500,  or  an  average  of  $3.92  per 
bale  storage  capacity.  The  other  five  buildings  have  a  total  storage 
capacity  of  46,000  bales,  or  an  average  capacity  of  9,200  bales  for 
each  warehouse.  These  buildings  cost  $161,000,  or  $3.50  per  bale 
capacity.     The  first  group  of  buildings  have  no  automatic  sprinkler 
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equipment,  and  the  average  insurance  rate  on  cotton  stored. ii 
buildings  is  $2.57  per  $100  per  annum.  The  second  group  of 
ings  ve  fully  standard,  and  have  approved  automatic  sprinkler 
ment,  and  the  insurance  rate  on  cotton  stored  in  these  build 
only  35  cents  per  $100  per  annum.  Those  without  the  spri 
are  small  buildings  and  are  not  properly  planned,  and  such  poo 
ness  methods  were  used  in  their  construction  that  they  cost  moi 
was  necessary.  On  the  other  hand  the  five  buildings  with  aut< 
sprinkler  equipment  were  properly  planned.  They  were  erectc 
minimum  cost,  with  the  greatest  efficiency,  and  have  a  low  insi 
rate. 

SIZE  OF  WABEHOUSE. 

It  is  impossible  to  state  definitely  the  best  size  for  a  public 
house.  These  investigations  show  conclusively  that  the 
properly  organized,  advantageously  located  storage  houses  pa] 
while  the  small  warehouses  in  most  cases  do  not  pay.  Other 
being  equal,  it  might  be  said  that  the  larger  the  storage  hou 
better.  Building  a  large  house  saves  much  in  cost  of  constr 
and  reduces  the  cost  of  handling  the  cotton.  On  the  other  hi 
is  impossible  to  build  only  large  houses  and  have  them  pr 
distributed.  These  two  points  must  be  taken  into  considei 
and  the  proper  size  for  the  house  will  be  a  compromise  betwe 
two.  Where  towns  are  very  small  and  shipping  faciUties  tc 
centers  are  ample  it  might  be  best  to  have  no  storage  hous( 
the  other  hand,  many  towns  where  a  considerable  amount  of 
is  marketed  annually  will  do  well  to  have  a  warehouse.  It 
quently  the  case  that  in  very  small  towns  two  or  three  mei 
build  storage  houses.  None  of  them  can  give  efficient  servic 
they  are  forced  to  charge  too  much  for  storage,  while  at  the 
time  they  lose  money.  It  would  certainly  seem  that  there  is  i 
ui^ent  need  of  cooperation  in  the  small  towns. 

mEAL  WAREHOUSE  SYSTEM. 

It  would  probably  be  unwise  to  attempt  to  outline  in  d( 
theoretically  ideal  warehouse  system,  but  it  does  seem  pro] 
indicate  some  essential  features  of  such  a  system.  It  shoi 
organized  inteUigently  on  a  sound  business  basis,  with  th< 
financial  standing  and  connections.  Both  the  company  and 
dian  should  be  bonded.  Some  provision  should  be  made  for 
or  Federal  inspection.  This  would  give  the  receipts  of  the  coi 
the  greatest  possible  value,  and  the  holder  of  such  a  receipt 
be  able  to  borrow  money  on  the  very  best  terms.  Each  wan 
should  be  intelUgently  managed.  The  man  in  charge  should  b 
posted  on  grades  and  market  conditions.  This  would  enable  I 
render  the  most  efficient  service  in  marketing  the  farmers'  c 
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lereby  avoid  the  unnecessary  profits  of  the  buyer  and  eliniinal 
s  other  losses.  It  is  needless  to  say  that  the  storage  hous< 
,ed  by  such  a  system  should  be  standard  in  every  respec 
1  should  be  fully  protected  by  insiurance,  and  convenient  fom 
1  be  provided  for  making  and  recording  all  transactions.  Th 
1  should  aim  eventually  to  store  cotton  in  the  compresse 
in  order  to  increase  the  storage  capacity  of  the  building.  A 
ouses  should  use  uniform  receipts,  and  so  far  as  it  is  practicab 
Lsiness  should  be  fully  standardized. 

SUMMARY. 

i^inancing  is  one  of  the  greatest  problems  in  marketing  cottoi 
icient  number  of  warehouses  would  be  erected  if  it  were  poi 
a  the  present  emergency  to  borrow  on  cotton  when  stored. 
Jotton  is  considered  the  very  best  collateral,  but  it  is  nc 
ble  unless  safely  stored  and  insured.  The  banks  are  alwa] 
;  to  accept  cotton  as  security,  but  during  emergencies  the 
1  is  insufficient  to  meet  demands. 

I  system  of  warehouses  would  simplify  our  financial  systei 
ventually  free  the  southern  cotton  farmer  from  the  presei 
rous  credit  system.  It  would  stabilize  the  price  of  cotton  b 
>uting  sales  throughout  the  year.  The  farmer  would  stc 
jsing  the  price  of  his  own  products  by  selling  his  cotton  as  soc 
3  ginned. 

n  storage  capacity  the  present  cotton  warehouses  are  ampl 
lese  warehouses  are  poorly  distributed.  The  best  warehous( 
)t  available  to  the  farmer.  The  charges  of  the  others  are  tc 
>ecause  they  must  pay  a  high  insurance  rate  and  the  cost  < 
ing  is  necessarily  great.  Some  new  standard  buildings  shou] 
cted,  but  many  of  those  now  in  use  should  be  remodeled. 
Cotton  keeps  in  storage  better  than  any  other  farm  produc 
3ted  from  the  weather  it  never  deteriorates.  It  resists  decs 
when  exposed.  Consequently,  it  is  neglected  more  than  ar 
valuable  product.  The  cotton  mills  should  encourage  storii 
jdng  a  premium  for  cotton  in  good  condition, 
rhe  dealers,  or  middlemen  as  they  are  frequently  called,  are  i 
better  position  to  hold  cotton  than  the  farmers.  They  n^ 
x)ntrol  the  best  storage  houses,  but  have  better  financial  coi 
ns  which  enable  them  to  get  money  more  readily  and  c 
'  terms.  The  farmer  sells  his  cotton  when  prices  are  depress^ 
he  dealer  gets  the  full  benefit  of  any  advance  after  the  ruj 
r. 

i  large  standard  storage  house  pays  ample  dividends,  whi 
of  the  owners  of  small  warehouses  actually  lose  money  on  tl 
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estment.  The  fact  that  the  best  warehouses  belong  to  the  i 
I  the  cotton  mills  and  are  not  available  to  the  fanner  mi 
irable  for  the  farmers  to  cooperate  in  building  their  own  1 
Lhey  do  not,  they  must  remain  dependent  upon  the  factors. 
>.  All  warehouses  should  confirm  fully  to  the  standards 
Bd  by  the  underwriters'  associations.  This  will  save  cost  i 
iction,  in  handling  cotton,  and  in  insurance. 
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MORTALITY  AMONG  WATERFOWL  AROUND 
GREAT  SALT  LAKE,  UTAH. 

(PRELIMINARY  REPORT.) 

By  Alex  Wetmore,  vlamtani  Biologist, 
INTRODUCTION. 

It  is  widely  known  that  in  recent  years  vast  numbers  of  waterfowl 
frequenting  the  marshes  along  the  eastern  shore  of  Great  Salt  Lake, 
Utah,  have  died,  apparently  from  disease.  Untold  thousands  of  wild 
ducks,  snipe,  sandpipers,  and  other  birds  of  less  economic  value  have 
perished.  Nor  is  the  eflFect  of  this  mortality  confined  to  the  region 
in  question.  While  countless  numbers  of  waterfowl  have  perished  in 
comparatively  small  areas,  the  effect  upon  the  abundance  of  these 
birds  in  other  regions  is'  widespread.  In  the  marshes  around  Great 
Salt  Lake  are  bred  annually  great  numbers  of  waterfowl,  and  hordes 
from  more  northern  regions  migrate  through  in  spring  and  fall. 
These  breeding  and  migrant  birds  form  an  important  percentage  of 
those  migrating  or  wintering  farther  south,  and  serious  diminution 
of  their  numbers  in  the  affected  localities  will  bo  felt  heavily  in  other 
regions.  The  question  of  the  causes  of  this  mortaUty  and  possible 
measures  for  its  prevention  are  therefore  of  widespread  interest  and 
importance. 

It  is  to  be  noted  that  a  similar  mortality  occurs  in  other  localities, 
as  Tulare  and  Owens  Lakes,  Cal.,  where  for  several  years  thousands  of 
birds  have  perished  annually.  Reports  not  yet  fully  investigated 
have  been  received  from  other  districts,  and  apparently  the  trouble 
may  occur  anywhere  in  the  West  under  similar  conditions. 

Early  in  the  investigations  a  number  of  dead  ducks  sent  to  the 
Biological  Survey  were  turned  over  to  the  Bureau  of  Animal  Industry 
for  examination,  the  results  of  which  are  discussed  on  another  page. 
Later,  agents  of  that  bureau  made  brief  field  inquiries  into  the  mor- 
tality in  Utah.     A  preliminary  examination  of  the  conditions  around 

KoTE.— This  bulletin  is  a  report  of  progress  in  investigating  the  causes  of  mortality  among  ducks  and 
other  waterfowl  in  marshes  about  Great  Salt  Lake,  Utah.  It  is  for  the  information  of  sportsmen  and  others 
interested  in  game  birds. 
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Great  Salt  Lake  was  made  in  the  latter  part  of  August,  1913,  by 
Piper,  of  the  Biological  Survey.  FoUowing  this,  the  writer  1 
investigations  in  July,  1914,  continuing  the  work  throughou 
summer  and  fall.  The  present  paper  discusses  the  results  obt 
and  may  be  considered  a  report  of  progress.  It  is  planned  to 
tinue  the  investigations  during  the  present  year  (1915). 

HISTORY. 

The  fact  that  many  ducks  were  dying  around  Great  Salt  Lak 
noted  in  the  newspapers  in  Salt  Lake  City  and  Ogden  in  1908  or 
but  the  prevalence  of  a  malady  among  waterfowl  was  known  ] 
years  earlier.  Fred  Hansen,  who  lives  near  the  mouth  of  Bear  I 
says  that  in  October,  1896,  two  guides  brought  400  mallards 
Klondike  (at  the  mouth  of  Bear  River),  part  of  which  were  found 
and  the  rest  alive  but  helpless.  Dr.  M.  R.  Stewart,  of  Salt  Lake 
says  that  in  1902  or  1903  a  few  birds  died  on  the  New  State  Gun 
grounds  at  the  mouth  of  the  Jordan  River.  At  the  mouth  c 
Weber  River  birds  were  occasionally  found  helpless  in  the  growi 
"bayonet  grass''  during  the  fall  of  1904,  and  were  the  subject  of 
speculation  among  the  hunters.  ■  Early  in  the  season  of  1909 
sick  birds  were  noticed  at  the  mouth  of  the  Jordan  River,  and  i 
fall  others,  thought  by  some  to  be  crippled  birds  from  the  fall  s 
ing,  were  reported. 

About  July  15, 1910,  sick  birds  appeared  at  the  mouth  of  the  J 
River,  and  shortly  after  others  were  found  on  the  Weber.  1 
birds  were  found  dying  on  the  great  expanse  of  mud  flats  and  mj 
built  up  in  the  delta  of  Bear  River.  Attention  was  now  fully  arc 
and  as  the  mortality  among  ducks  and  other  waterfowl  incn 
many  theories  as  to  its  cause  were  advanced.  The  season  wt 
ceedingly  dry,  the  water  in  the  marshes  was  low,  and  the  birds 
in  enormous  numbers,  the  trouble  continuing  on  Bear  River 
November.  How  many  wild  ducks  and  other  waterfowl  per 
during  that  year  will  never  be  known.  Thousands  died  both  o 
Jordan  and  the  Weber,  while  on  the  Bear  River  marshes  the  mor 
was  almost  incredible.  V.  T.  Davis,  in  charge  of  the  Bear  Rivei 
grounds,  estimated  that  85  per  cent  of  all  ducks  on  the  lake  diec 
this  statement  was  fully  corroborated  by  others.  The  stench  in  5 
Bay  arising  from  the  dead  bodies  is  said  to  have  been  unbearal 

Mortality  among  the  birds  began  again  in  1911,  but  was  not  s 
astrous  as  during  the  preceding  year.  In  1912  few  birds  died  c 
New  State  Gun  Club  grounds,  on  the  Jordan  River,  as  the  mi 
were  drained  and  water  was  not  admitted  imtil  Septembe 
Elsewhere,  however,  conditions  were  more  serious.  At  this  tin 
trouble  was  considered  contagious,  and  it  was  decided  to  clefi 
marshes  of  dead  birds.     On  Bear  River  44,462  wild  ducks  (froi 
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cords  of  V.  T.  Davis)  were  gathered  and  buried  between  August : 
id  September  21,  and  about  30,000  birds  are  said  to  have  be 
eked  up  on  the  Weber  River.  From  the  nature  of  the  country  tl 
n  not  represent  more  than  20  per  cent  of  the  total  number  of  bir 
at  died,  and  probably  not  more  than  10  per  cent.  Conditions 
H3  were  somewhat  improved,  but  still  great  numbers  died.  Du 
g  the  past  year  fewer  birds  perished,  though  the  mortality  w 
eat  enough  to  cause  alarm. 

In  the  southern  San  Joaquin  Valley,  Cal.,  many  birds  have  di( 
I  Soleta,  Goose,  Buena  Vista,  and  Tulare  Lakes  since  1909.  j 
esent  the  two  lak^  iSrst  named  are  dry  and  the  third  contains  i 
>undance  of  fresh  water.  On  Tulare  Lake,  however,  conditio 
e  unchanged.  In  November,  1914,  it  was  estimated  by  Tipt< 
atthews,  deputy  game  warden  of  Kern  County,  and  the  writer  th 

least  15,000  birds  had  perished  there  during  the  preceding  summ< 
r.  Matthews  stated  that  he  has  known  of  sick  birds  around  Goo 
ike  and  at  Browns  Knolls  (Widgeon  Gim  Club  grounds)  for 
^t  20  years  when  the  water  was  low  in  summer.  Goose  Lake 
>w  dry,  and  as  the  water  at  Browns  Knolls  is  kept  fresh  by  artesii 
3lls  there  is  little  trouble. 

In  June,  1891,  Dr.  A.  K.  Fisher,  of  the  Biological  Survey,  not 
rge  numbers  of  eared  grebes  and  spoonbills  dead  around  the  sho 

Owens  Lake,  Cal.,  and  estimated  the  nimiber  of  dead  grebes 
1,000.*     From  the  12th  to  the  14th  of  November,  1914,  the  writ 
und  many  dead  birds  of  these  same  species  in  this  locality,  ai 
I  was  informed  that  this  was  an  annual  occurrence. 

TERRITORY  COVERED  IN  INVESTIGATIONS: 

On  July  12,  1914,  work  was  begun  in  the  Salt  Lake  Basin  and  co 
lued  until  October  30.  Investigations  were  made  at  the  mout 
the  Jordan,  Weber,  and  Bear  Rivers,  the  main  areas  affected  (s 
s.  I  and  III).  Because  of  the  large  area  involved,  diversified  com 
)ns,  and  convenience  of  access  to  the  marshes,  most  of  the  expe 
ental  work  was  carried  on  at  the  mouth  of  Bear  River.  In  ad( 
m  to  the  localities  mentioned,  conditions  were  studied  at  Willa 
>ur,  Promontory  Point  on  Great  Salt  Lake,  and  Locomotive  Sprin 
lar  Kelton. 

From  November  3  to  11  Tulare  Lake,  in  California,  was  visited, 
der  to  investigate  the  mortaUty  in  that  region,  and  conditions 
i^ens  Lake  in  the  same  State  were  studied  from  November  12  to  1 
At  the  mouth  of  Bear  River,  in  Utah,  quarters  were  furnished 
e  Duckville  Gun  Club,  and  thanks  are  due  the  officers  and  membe 
the  dub  for  assistance  and  facilities  extended.     Much  assistan 
IS  rendered  by  A.  P.  Bigelow,  of  Ogden,  and  L.  B.  McCornick, 


1  North  American  Fauiia  No.  7, 1893,  p.  12-13. 
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Salt  Lake  City,  who  were  deeply  interested  in  the  work.  Vi 
information  was  obtained  also  from  V,  T.  Davis,  in  charge 
gromids  of  the  Bear  River  Club.  At  the  mouth  of  the  Weber 
W.  O.  Belnap  gave  all  possible  assistance,  as  did  other  meml 
the  North  Shore  Gun  Club.  At  the  mouth  of  the  Jordan  Rive 
was  done  at  the  New  State  Gun  Club.  Permits  for  shootin 
birds  as  were  necessary  for  purposes  of  investigation  were  g 
by  the  State  fish  and  game  commissioner,  Fred  W.  Chambei 
California  the  State  fish  and  game  conmdbsion  furnished  an  as£ 
Tipton  Matthews,  deputy  warden  of  Kern  County,  whose  ai 
dered  the  work  aroimd  Tulare  Lake  eflFective. 

NATURE  OF  THE  TROUBLE. 

During  the  season's  work  in  Utah  27  species  of  birds  of  11  f 
were  found  to  be  affected.  Among  these  were  9  species  of  du* 
of  shorebirds,  and  8  miscellaneous  forms  ranging  from  greb 
snowy  herons  (see  PL  III,  fig.  1)  to  the  pipit.  Among  ducks  tl 
tail  and  green-winged  teal  seemed  to  be  most  susceptible,  wh 
mallard,  spoonbill,  and  cinnamon  teal  followed  them  closely.  A 
and  stilts  suffered  more  heavily  than  any  other  shorebirds. 

The  birds  affected  first  lose  the  power  of  flight  and  are  uni 
rise  in  the  air,  though  in  some  cases  they  can  flutter  across  the 
and  in  others  can  fly  for  a  few  rods  before  dropping  back.  T 
next  become  affected  and  the  power  of  diving  is  lost.  As  th( 
grow  weaker,  they  crawl  out  on  the  mud  bars,  if  able  to  do  so,  < 
in  growths  of  grass  or  rushes.  In  a  later  stage  of  the  affectio 
are  unable  to. rise.  Finally  the  neck  relaxes  and  the  head  lie 
trate  (see  PI.  II,  figs.  1  and  2) .  If  in  the  water,  death  comes  by  < 
ing,  but  on  land,  birds  may  live  for  two  days  or  more  in  this  con 

A  large  series  of  postmortem  examinations  revealed  no 
logical  lesions  other  than  that  the  intestine  was  reddened  an 
and  hard  to  the  touch.  When  the  gut  was  sUt,  washed,  and  exi 
xmder  a  low  magnification,  the  capillaries  in  the  intestinal  vil 
foimd  to  be  distended,  showing  intense  irritation.  The  red 
of  the  canal  appeared  sometimes  in  spots,  most  severe  at  the 
of  the  intestine,  but  at  others  it  extended  continuously  frc 
duodenal  loop  to  the  caeca.  Clots  of  extravasated  blood,  pi 
digested,  were  found  in  most  cases,  and  not  xmconmionly  th 
were  distended  with  this  matter.  A  severe  dysentery  occasio 
the  irritation  of  the  intestine  was  the  obvious  external  syr 
The  feces  were  greenish  and  stained  the  feathers  about  the  an 
sometimes  well  up  on  the  abdomen.  Large  quantities  of  renal 
were  present,  white  and  almost  solid,  and  with  an  offensive  od( 
the  food  residue  in  the  intestine  worked  off,  this  renal  matt 
stituted  an  increasing  proportion  of  the  feces,  frequently  soli 
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FiQ.  1.— Snowy  Herons  Dead  from  the  So-Called  ''Duck  Malady." 
Photograph  taken  September  22, 1914,  at  mouth  of  Bear  River,  Utah. 


FiQ.  2.— Row  OF  Experiment  Pens  at  Mouth  of  Bear  River,  Utah. 

In  these  inclomirea  duckH  were  kept  under  experimental  conditions.    Similar  pens  were 
stationed  at  other  localities  on  the  mud  flats. 
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into  a  chalky  mass  which  closed  the  anal  opening.  In  about  one- 
third  of  the  birds  kept  under  observation  a  secondary  trouble  de- 
veloped in  the  coiurse  of  two  days  or  more  after  they  lost  the  power  of 
flight.  A  watery  exudate  came  from  the  eyes  and  nasal  chamber, 
and  through  the  internal  nares  ran  into  the  throat.  This  occasioned 
trouble  in  breathing.  At  times  the  discharge  thickened  into  a  whit- 
ish, cheesy  mass  and  cemented  the  eyehds  together. 

THEORIES  AS  TO  CAUSE. 

Many  theories  have  been  advanced  to  account  for  the  mortality. 
It  has  been  variously  ascribed  to  bacterial  infection,  typhoid  in- 
fection from  the  presence  of  sewage,  parasitic  nematodes,  poisoning 
from  the  deposition  of  sulphur  or  arsenic  from  smelters,  and  waste 
water  from  sugar  factories.  Other  minor  hypotheses  need  not  be 
noted. 

BACTEBIAL  INrECTION. 

The  fact  that  so  many  species  of  birds  are  affected  militates  against 
the  theory  of  bacterial  infection,  and  no  bacillus  apparently  capable 
of  transmitting  the  trouble  has  been  isolated.  Dr.  J.  R.  Mohler, 
of  the  Bureau  of  Animal  Industry,  writes  as  follows  concerning  the 
ducks  examined  in  that  bureau : 

Relative  to  our  investigations  concerning  the  cause  of  death  of  large  numbers  of 
ducks  in  Utah,  the  information  at  hand  points  to  the  probability  that  death  is  due  to 
an  acute  poisoning,  and  not  to  a  disease  of  bacterial  origin.  The  suggestion  has  fre- 
quently been  made  in  the  past  that  the  water  which  the  ducks  drink  is  poisoned  by 
the  discharge  of  sulphuric  acid,  arsenic,  copper,  and  other  materials  from  smelters. 
A  duck  in  captivity  can  be  easily  poisoned  by  administering  any  of  these  substances; 
but  it  is  very  doubtful  whether  a  large  body  of  running  water  in  which  large  numbers 
of  ducks  in  flight  could  obtain  water  could  be  poisoned  even  if  a  large  chemical  works 
dischaiged  its  entire  output  into  the  stream.  Dilute  sulphuric  acid  in  small  amounts 
is  hannleas,  and  it  is  doubtful  whether  ducks  would  drink  a  solution  of  sulphuric 
add  of  any  appreciable  strength  becaiise  of  the  sour  taste.  Estimations  were  made  of 
the  amounts  of  sulphates,  sulphuric  acid,  arsenic,  and  copper  in  the  stomach  contents 
aad  tissues  of  ducks  from  Utah.  In  no  case  did  the  results  obtained  point  to  any  of 
these  substances  as  the  probable  cause  of  death.  Small  amounts  of  sulphates,  arsenic, 
and  copper  can  be  foimd  in  the  tissues  of  any  animal,  and  are  no  indication  of  abnormal 
conditions. 

Practically  all  the  live  ducks  forwarded  to  Washington  for  study  promptly  recovered, 
while  the  dead  ducks  received  were  autopsied,  but  failed  to  show  lesions  of  diagnostic 
value.  Numerous  inoculations  were  made  from  the  different  organs  of  the  ducks,  both 
on  culture  media  and  into  experimental  animals,  but  up  to  the  present  no  special 
organism  has  been  found  which  might  be  r^:arded  as  the  causative  agent  of  the  disease. 
The  earlier  incrimination  of  the  coccidia  found  in  the  intestinal  canal  of  a  number  of 
ducks,  as  the  exciting  factors  of  the  disease,  has  not  been  substantiated  by  later 
investigations. 

PARASmC  NEMATODES. 

Microscopic  examinations  in  the  field  of  a  large  number  of  blood 
smears  failed  to  reveal  the  presence  of  nematodes,  and  a  collection  of 
material  from  the  feeding  grounds  of  the  ducks  near  the  mouth  of  the 
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Weber  River  was  forwarded  to  the  department  for  study.  Tt 
critically  examined  by  Dr.  N.  A.  Cobb,  of  the  Bm-eau  of  Plfi 
dnstry,  a  leading  authority  on  nematodes,  who  reports  as  foUi 

A  pre]  inrii nary  examination  of  the  nematodes  collected  from  material  fi 
Weber  River,  Utah,  does  not  disclose  any  reason  for  supposing  any  of  the  ne 
found  could  be  connected  with  the  great  mortality  noticed  among  wild  ducks 
in  the  locality  whence  I  understand  this  material  comes.  A  single  specii 
been  seen  which  is  of  a  doubtful  character  and  may  perhaps  be  connected  wi 
parasitic  nematode  form.  This  specimen,  however,  is  of  small  importance,  con 
the  laige  nimiber  of  specimens  that  have  been  so  far  looked  over.  I  think  it 
safe  to  assume  that  nothing  in  the  way  of  an  explanation  of  the  mortality  of  th 
will  come  as  a  result  of  these  examinations. 

SMELTER  AND  FACTORY  WASTE. 

Sulphur  poisoning  has  been  held  by  many  to  be  at  the  root 

trouble,  but  the  presence  of  ducks  and  other  birds  in  Cal 

apparently  suffering  from  the  same  disorder,  in  localities  where 

is  no  appreciable  trade  waste  of  sulphur,  is  sufficient  to  di 

this  theory.     Birds  kept  under  experimental  conditions  were 

i  various    solutions    of    sulphuric    acid,    but    they  failed    to 

1  symptoms  similar  to  those  exhibited  in  natiu'e.     None  of  the  cl 

I  incident  to  death  from  arsenical  poison  were  found  in  the  ir 

-i  organs  of  the  large  number  of  birds  examined. 

\      \  In  regard  to  waste  water  from  sugar  factories  on  the  Weber 

1      (  high  water  in  the  fall  of  1914  came  down  in  mid-September,  a 

\      .  with  it  drainage  from  the  settling  ponds  of  the  sugar  factor 

\  though  the  toxic  matter  present  was  sufficient  to  kill  large  ni 

\  of  carp  and  chubs,  conditions  among  the  ducks  improved  imme^ 

with  the  rush  of  water  to  the  flats. 

AN  ALKALINE  POISON  AS  THE  CAUSE. 

While  it  is  not  yet  possible  to  set  aside  all  these  theories  as  g 
less,  it  is  believed  that  further  investigations  will  disclose  a  poi 
the  real  cause  of  the  trouble.  The  work  of  the  past  summer  le 
the  conclusion  that  the  mortality  results  from  an  alkaline  pois< 
exact  nature  of  which  is  still  to  be  determined.  That  this  is  tl 
appears  from  several  facts. 

As  formerly  stated,  no  lesions  were  present  in  any  of  the  org 
the  many  birds  examined,  other  than  a  severe  irritation  in  the 
of  the  intestine.  Practically  all  the  birds  affected  are  fat 
though  found  helpless  or  dead;  not  tmtil  they  b^in  to  reco 
they  get  thin.  In  birds  relatively  strong  the  kidneys  make  a 
ous  effort  to  throw  off  the  matter  absorbed  through  the  inte 
and  thus  the  excretion  of  renal  matter  is  greatly  increased  and  is 
off  in  almost  solid  form. 
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It  is  well  known  that  a  large  percentage  of  the  afficted  birds  recover 
if  they  are  given  fresh  water.  During  the  investigations  at  the  mouth 
of  Bear  River,  586  sick  ducks  of  6  species  were  taken  from  the  flats 
and  placed  in  pens  at  the  Duckville  Gun  Club,  where  there  was  running 
water  from  Bear  River.  Of  this  number,  426  birds,  or  73  per  cent 
(see  p.  9),  entirely  recovered.  Had  the  cause  of  the  trouble  been 
bacterial  infection,  such  a  recovery  would  not  have  been  possible. 
The  large  assortment  of  species  of  birds  affected,  ranging  from  grebes, 
ducks,  gulls,  shorebirds,  and  snowy  herons  to  an  occasional  land  bird, 
is  in  itself  an  argument  against  the  disease  theory  and  points  xmmis- 
takably  to  the  conclusion  that  a  poison  is  the  real  cause.  Diseases 
which  are  fatal  to  even  closely  allied  species  are  not  common,  and 
one  involving  many  species  among  birds  belonging  to  several  different 
orders  is  imknown. 

The  fact  that  a  similar  mortaUty  occurs  in  California  also  goes  to 
prove  that  the  trouble  is  due  to  a  salt  or  an  alkali.  In  a  careful  study 
of  local  conditions  there,  it  was  possible  to  estabUsh  this  similarity 
and  to  check  doubtful  points  encountered  in  the  Utah  work. 

Around  Great  Salt  Lake  the  birds  undoubtedly  sicken  in  the  shallow 
water  bordering  the  mud  flats.  As  these  flats  dry  after  high  water, 
salts  and  alkalis  crystallize  on  the  surface  of  the  ground.  When  light 
rains  form  pools  on  the  flats,  or  when  a  steady  wind  blows  the  water 
across  the  dry  barrens,  pintails,  green-winged  teal,  and  other  water- 
fowl follow,  eager  to  feed  on  the  newly  flooded  lands.  As  the  highly 
soluble  salts  are  taken  up  by  the  water  from  the  previously  dry  sur- 
face, the  birds  feeding  here  sicken  and  die  in  large  numbers.  Every 
imusual  outbreak  on  Bear  River  during  the  past  summer  was  found 
to  correspond  with  some  such  phenomenon.  In  other  locaUties,  as 
the  mouth  of  the  Weber,  the  poorly  drained  pools  contain  a  solution 
concentrated  by  evaporation.  As  soon  as  irrigation  ceases  and  there 
is  a  great  increase  in  the  amount  of  water  coming  down  the  river  the 
constant  flow  steadily  drains  the  flats,  removing  the  stagnant  water, 
and  the  mortality  ceases  almost  at  once. 

At  Tulare  Lake,  Cal.,  it  may  be  found  that  the  mortality  will 
increase  when  the  water  is  blown  out  by  the  wind  to  cover  new  ground. 
During  the  summer  of  1914  large  areas  along  the  south  shore  of  the 
lake  were  flooded  before  wheat  planted  there  was  ready  to  harvest, 
and  on  these  flats  were  found  great  numbers  of  ducks  and  other  birds 
dead. 

Birds  resident  on  Bear  River  undoubtedly  establish  a  certain 
degree  of  inmnmity  from  the  mortality.  In  spring  when  migrants 
first  return  from  the  south  it  is  said  that  a  few  sick  birds  may  be  found 
along  the  overflows.  Later  these  disappear  and  few  of  the  breeding 
individuals  are  markedly  affected  until  mid-July.  It  is  certain, 
however,  that  water  harmless  to  these  individuals  is  highly  toxic  to 


Digitized  by 


Google 


Digitized  by 


Google 


MORTALITY  AMONG  WATEEFOWL. 


9 


lower  course  of  this  north  channel  from  the  North  Shore  Gun  Club 
eastw^ard  can  be  ditched  and  the  water  prevented  from  spreading 
on  the  shallows,  as  it  does  now,  conditions  will  imdoubtedly  improve. 
This  should  cause  the  ducks  to  use  the  better  drained  south  channel 
and  alleviate  the  trouble.  When  the  irrigation  dams  are  opened  in 
September  and  there  is  an  abundance  of  water,  the  flats  could  again 
be  covered,  attracting  the  birds  for  the  fall  shooting.  Here  it  might 
be  possible  also  to  establish  ponds  fed  by  artesian  water  which  would 
save  many  birds  could  they  be  induced  to  visit  them  to  feed  and 
drink. 

The  extensive  flats  at  the  mouth  of  the  Bear  River  present  a  still 
more  serious  problem.  So  large  an  area  is  involved  that  drainage 
under  present  conditions  is  impracticable,  but  even  if  it  were  possible 
this  course  would  deprive  enormous  numbers  of  water  birds  of  a 
sunmier  home.  Apparently  the  only  solution  here  is  to  increase  by 
some  means  the  water  supply  during  July,  August,  and  the  early  part 
of  September.  If  an  agreement  could  be  made  with  the  canal  com- 
panies controUing  the  irrigation  project  dams  across  Bear  River 
whereby  more  water  could  be  allowed  to  pass  their  dams,  reservoirs 
might  be  established  higher  up,  and  a  supply  might  be  reserved  for  the 
sunmier  months.  It  might  even  be  practicable  to  utilize  for  this 
purpose  some  of  the  water  from  Bear  Lake.  The  construction  of  a 
low  dam  across  South  Bay  and  East  Pass  in  order  to  raise  the  water 
level  has  been  considered.  As  such  a  dam  would  be  cut  out  each 
year  by  the  ice,  an  endeavor  to  increase  the  water  supply  would  be 
more  practicable.  In  danmiing  up  the  bay  there  is  danger  of  too 
much  stagnant  water,  and  this  might  add  to  the  trouble. 

A  measure  which  might  be  adopted  in  all  three  locahties,  and  one 
strongly  recommended,  is  to  station  men  on  the  marshes  to  gather 
up  the  helpless  birds  and  pen  them  on  fresh  water.  Considering  the 
great  nimiber  of  birds  that  might  be  saved  in  this  way  the  expense 
will  be  sUght,  and  in  dry  seasons  this  may  prove  the  only  feasible 
means  of  reUef .  From  August  11  to  September  26  there  were  brought 
in  to  the  DuckviUe  Gim  Club  586  ducks,  of  6  species.  The  following 
table  gives  the  percentage  of  recoveries  and  deaths : 


Species. 

Number. 

Uccovered. 

Died. 

Midiftrd    ,      

69 

5 

233 

258 

16 

15 

Percent. 

80 
80 
77 
69 
63 
60 

Percent. 
20 

OadwBll       

20 

Pintan 

23 

On^n-vlTigeH  t«ftl 

31 

Cinnftinftfi  tiMl                                     ... 

37 

Spoonbill       

40 

Total    

586 

73 

27 

When  large  and  small  ducks  were  inclosed  together  the  stronger 
pintails  and  mallards  crowded  the  teal  and  spoonbills,  and  many  were 
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drowned.  It  also  developed  that  very  weak  birds  should  be  sep 
from  the  others.  Under  more  favorable  conditions  the  pero 
of  recoveries  could  be  markedly  increased.  Califomia  spoi 
will  be  interested  to  know  that  at  present  this  appears  to  be  tfa 
measure  that  will  prove  successful  on  Tulare  Lake.  It  is  even 
ble  that  birds  once  cured  may  become  to  a  greater  or  less  exte 
mune,  and  will  not  readily  be  affected  again. 

In  order  to  obtain  data  on  this  possible  immunity  and  on  th 
sequent  longevity  of  birds  which  have  recovered  from  the  poia 
aliunmum  bands  were  placed  upon  the  legs  of  270  of  the  birds  n 
during  the  past  summer.  Each  band  bears  a  number  on  oi 
and  on  the  reverse  the  inscription  '^  Notify  U.  S.  Dept.  Agr.,  ^ 
D.  C'  By  this  means  the  birds  may  be  identified  should  j 
them  be  found  or  captured.*  Already  reports  have  been  re 
concerning  more  than  20  of  these  birds.  Should  more  of  these 
be  secured  it  is  hoped  they  will  be  forwarded  to  the  Departm 
Agriculture  with  fuU  information  as  to  date  taken  and  att( 
circumstances. 

1  Valuable  infonnation  In  another  line  of  Investigation  will  be  forthooming  from  these  bonds.  1 
knowledge  of  the  routes  of  migration  followed  by  waterfowl  is  based  upon  observation  as  to  th 
arrival  or  departure  of  the  birds  In  various  localities.  These,  properly  tabulated,  show  the  nur 
the  species  in  question  as  a  whole.  The  actual  lines  of  flight  pursued  by  individual  birds  are  alma 
unknown.    The  importance  of  information  on  this  point  can  not  be  overestimated. 
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INTRODUCTION. 

This  bulletin  contains  a  study  of  the  yields  of  oats  from  different 
methods  of  cultivation  and  seed-bed  preparation  at  fourteen  field 
stations  on  the  Great  Plains. 

1  All  of  the  members  of  the  scientific  staff  of  the  Office  of  Dry-Land  Agriculture  have  contributed 
more  or  less  to  this  paper  by  having  charge  of  field  investigations  and  by  assisting  in  the  preparation  of 
data  for  records  or  for  publication.  The  scientific  staff  as  at  present  constituted  consists  of  the  fol- 
lowing members,  named  in  the  order  of  length  of  service:  W.  W.  Burr,  Denver,  Colo.;  E.  F.  Chilcott, 
Woodward,  Okla.;  O.  J.  Grace,  Akron,  Colo.;  J.  8.  Cole,  Denver,  Colo.;  J.  M.  Stephens,  Moccasin,  Mont.; 
A.  L.  Hallsted, Hays,  Kans.;  O.  R.  Mathews,  Belle  Fourche,  8.  Dak.;  J.  C.  Thysell,  Dickinson,  N.  Dak.; 
M.  Pfaender,  Mandan,  N.  Dak.;  H.  C.  McKinstry,  Hettinger,  N.  Dak.;  W.  M.  Osbom,  North  Platte, 
Nebr.;  W.  D.  Griggs,  Dalhart,  Tex.;  C.  A.  Burmelster,  Amarillo,  Tex.;  J.  E.  Mundell,  Big  Spring,  Tex.; 
F.  L.  Kelso,  Ardmore,  8.  Dak.;  W.  A.  Peterson,  Mandan,  N.  Dak.;  J.  T.  Sanris,  Ardmore,  S.  Dak.;  G.  W. 
Morgan,  Huntley,  Mont.;  J.  H.  Jacobson,  Mitchell,  Nebr.;  H.  G.  Smith,  Tucumcari,  N.  Mox.;  L.N. 
Jensen,  Woodward,  Okla.;  J.  G.  Lill,  Garden  City,  Kans.;  R.  S.  Towle,  Edgeley,  N.  Dak.;  A.  J.  Ogaard, 
Wniiston,  N.  Dak.;  C.  B.  Brown,  Dalhart,  Tex.;  L.  D.  Willey ,  Archer,  Wyo.;  J.  B.  Kuska,  Colby,  Kans.; 
and  A.  £.  Seamans,  Akron,  Colo. 

The  following-named  men  have  held  positions  on  the  scientific  staff  of  the  Office  of  Dry-Land  Agriculture 
during  the  past  nine  years,  but  have  resigned  or  have  been  transferred  to  other  offices  of  the  Department  of 
Agriculture:  Sylvester  Balz,  F.  L.  Kennard,  J.  £.  Payne,  L.  E.  Hazen,  C.  A.  Jensen,  H.  R.  Reed,  W.  O. 
Whitoomb,  C.  H.  Plath,  F.  Knorr,  and  R.  W.  Edwards. 

The  data  here  reported  from  the  stations  hi  Kansas,  Nebraska,  North  Dakota,  and  Montana  have  been 
obtained  in  cooperation  with  the  agricultural  experiment  stations  of  their  respective  Slates.  In  South 
Dakota,  Colorado,  Texas,  Oklahoma,  and  New  Mexico  the  stations  are  operated  by  the  United  States 
Department  of  Agriculture. 

Field,  office,  and  laboratory  l^ilities,  teams,  and  implemenis  have  been  provided  by  the  Office  of  Western 
Irrigation  Agricultoze,  at  Huntley,  Mont.,  Belle  Fourche,  8.  Dak.,  and  Mitchell,  Nebr.,  and  by  the  Office 
of  Cereal  Investigations  at  Amarillo,  Tex. ,  and  Archer,  Wyo.  The  Biophysical  Laboratory  has  cooperated 
in  obtaining  the  meteorological  data  reported. 

Note.— This  bulletin  is  intended  for  all  who  are  interested  in  the  agricultural  possibilities  of  the  Great 
Plains  area. 

87674'— Bull.  218-15 1 


Digitized  by 


Google 


Digitized  by 


Google 


OATS  IN  THE  GBEA1 

Is  of  cultivation  in  s 
•otations  of  over  six  y 
gth  have  been  tried 
en  done  with  3-year  i 

A  INCLUDED  IN  THEJ 

>red  by  these  investij 
t  400,000  square  mil 
f  North  Dakota,  Soi 
Texas,  and  the  east 

and  New  Mexico. 
>roduction  is  the  limi 
ity  in  conditions  tl 
range  of  soil,  climati 

Edgeley,  N.  Dak.,  w 
^cher,  Wyo.,  with  i 
rowing  season  for  oa 

area,  but  there  is  i 
leks  in  the  respective 
m  section  using  the  ( 

CLIMATIC  CO^ 

characterized  by  a  t 
tation,  with  very  ui 
precipitation  with 
rs  of  relatively  low  j 
1.  It  may  be  said  t 
than  the  total  amoim 
p  production  hazan 
climatic  data  have  t 
to  give  them  in  this 
mum,  and  average  a 
iporation  at  each  sta 
reported.  By  season 
the  period  between  1 
>  of  harvesting.  No  a 
natic  factors  or  the 
me,  any  one  of  which : 
annual  precipitation  i 
n  the  complete  recc 
the  years  whose  resu 


Digitized  by 


Google 


Digitized  by 


Google 


OATS  IN   THE  GREAT  PLAINS  ABEA.  5 

the  average  appears  under  the  heading  " Average/'  the  calculation 
is  from  the  left.  The  averages  of  the  different  methods  of  treatment 
are  the  averages  of  the  whole  number  of  plats  that  entered  into  their 
composition.  For  a  rough  comparison  of  geasons  the  bottom  line  of 
the  first  half  of  the  table  gives  the  averages  of  all  plats  for  each  year, 
the  average  of  the  yearly  average  yields  appearing  in  the  last  column 
to  the  right. 

As  here  presented  the  treatment  of  the  land  is  si>ecified  as  fall 
plowed,  spring  plowed,  sod  breaking,  subsoiled,  listed,  disked,  green 
manured,  and  siunmer  tilled.  Under  these  headings  are  subdivisions 
to  show  the  preceding  crop. 

Where  oats  appear  following  wheat  on  either  fall  or  spring  plowed 
land  it  has  been  in  rotations  of  at  least  3  years  in  length.  Where  oats 
follow  oats  the  system  has  been  that  of  continuous  cropping. 

Fall  plowing  is  done  as  early  as  practicable  and  to  a  good  depth,  the 
standard  being  set  at  8  inches.  The  ground  after  being  plowed  may 
be  worked  down  or  left  rough  through  the  winter,  as  seems  advisable. 
Spring  plowing  is  done  as  early  as  practicable  in  the  spring,  with  the 
exception  of  one  plat  at  each  station,  on  which  oats  follow  oats.  It 
is  done  to  a  good  depth,  about  8  inches,  and  given  sufficient  cultiva- 
tion with  the  harrow,  or  disk  if  necessary,  to  form  a  good  seed  bed. 
On  one  plat  which  is  continuously  cropped  to  oats  at  each  station, 
spring  plowing  is  shallow  (only  about  4  inches)  and  is  given  a  mini- 
mum of  cultivation. 

Sod  is  broken  in  the  fall  as  early  as  hay  production  for  the  year  is 
over.    • 

Subsoiling  is  done  on  land  continuously  cropped  to  oats.  The 
treatment  of  the  plat  that  appears  at  some  stations  imder  this  heading 
is  the  same  as  the  treatment  of  the  plat  that  appears  imder  "Fall 
plowed,"  except  that  it  is  subsoiled.  At  the  time  of  plowing  a  sub- 
soiler  is  run  in  every  other  furrow  to  an  additional  depth  of  6  or  8 
inches,  making  a  total  depth  of  about  14  inches.  This  is  usually  done 
two  years  in  succession  and  then  omitted  for  two  years. 

The  plat  that  appears  at  some  stations  imder  the  heading  "  Listed," 
following  oats,  is  a  plat  continuously  cropped  to  oats.  At  the  time  of 
fall  plowing  this  plat  is  furrowed  out  with  the  Uster  instead  of  being 
plowed.  In  the  spring  it  is  worked  down  level  and  the  seed  bed 
prepared  without  the  use  of  the  plow. 

The  plats  on  disked  com  groimd  are  all  in  rotation  with  other  crops. 
Both  3-year  and  4-year  rotations  comprise  this  series.  The  other  crops 
may  be  winter  wheat,  spring  wheat,  barley,  green  manure,  or  potatoes. 
In  some  of  the  rotations  summer  tillage  replaces  one  of  the  crops. 

Where  oats  are  grown  after  a  green-manure  crop  the  system  is 
that  of  a  4-year  rotation  in  which  one  crop  is  corn  and  the  other  one 
of  the  small  grains. 
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Summer  tillage  is  of  the  intensive  type.  The  land  lies 
a  year.  It  is  kept  clear  of  weeds  and  as  far  as  practical 
is  maintained  on  it  during  the  time  between  the  harvest 
ceding  crop  and  the  seeding  of  the  oats.  This  involves  i 
some  cases  as  long  as  21  months.  In  some  cases  it  is  n 
plow  the  land  more  than  once  during  this  period,  in  ord( 
maintain  a  surface  receptive  to  water  and  that  will  resist 
to  prevent  the  growth  of  weeds.  The  long  period  of  simu 
together  with  the  intensive  methods  practiced,  have  ma 
expensive  system  of  production.  Experiments  are  und 
determine  the  most  economical  method  of  summer  tUlinj 
tions  are  that  a  less  intensive  method  than  that  practiced  i 
here  reported  will  give  practically  as  good  returns. 

The  yields  given  in  these  tables  begin  with  the  second  y 
production  at  each  station.  The  first  year's  crop  is  pi 
land  uniform  in  its  treatment. 

In  cases  where  an  entire  crop  has  been  lost  by  hail  or  ot 
that  could  not  possibly  be  overcome  by  cultivation  the  ye 
considered  in  computing  averages.  Such  failures  must 
enter  into  the  final  results  of  agricultural  endeavor.  The] 
ever,  of  such  imcertain  occurrence  that  the  series  of  year 
sidered  is  too  short  to  permit  an  attempt  to  establish  tl 
frequency  for  any  locality.  This  is  in  effect  what  would  1 
including  them  in  averages.  It  is  beUeved  that  less  em 
duced  by  recognizing  their  occurrence  and  excluding  them 
ages.  When  the  loss  of  a  crop  is  due  to  conditions  that 
sibly  have  been  overcome  by  cultural  practices  a  zero  yie 
year  is  included  in  the  calculations. 

Embodying  the  basic  data  given  in  Tables  II,  III,  aj 
second  part  of  the  table  for  each  station  has  been  compile 
are  brought  together  in  summary  form  the  yields  detailed 
part  of  such  table.  The  value  of  the  average  yields  thus  ^ 
calculated  and  given,  together  with  a  computation  of  the  < 
duction.  The  last  line  of  the  table  gives  the  profit  or  los 
from  the  production  of  oats  by  the  method  stated.  Loss  i 
by  the  minus  sign.  In  this  second  part  of  each  table  th< 
general  headings:  "Tillage  treatment"  and  "Previous  crop 
the  first  general  heading  the  plats  are  grouped  entirely  by 
without  considering  the  previous  crop.  Under  the  secoi 
treatment  is  not  considered,  and  the  grouping  is  entirely  gc 
the  crop  immediately  preceding  the  oats.  This  really  i 
tables  combined  in  one,  with  subdivisions  common  to  both 

Figure  2  shows  a  diagram  of  the  dry-land  rotation  fi 
Belle  Fourcho  Field  Station.  This  station  being  a  rep: 
one  will  serve  to  illustrate  the  general  scheme  and.  plai 
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RESULTS  AT  THE  SEVERAL  STATIONS. 

Accompanying  the  discussion  of  each  station  is  a  very  brief  descrip- 
tion of  the  soil,  with  particular  reference  to  its  depth  and  its  water- 
holding  capacity.  Only  such  information  is  given  as  is' necessary  to 
understand  fully  the  interpretation  of  the  results.^ 

JUDFTH  BASIN  VDELD  STATION. 

The  field  station  at  Moccasin,  Mont.,  in  the  Judith  Basin,  is  located 
on  a  heavy  clay  soil  of  limestone  origin.  The  soil  is  apparently  very 
rich  in  avtalable  fertility.  It  is  underlain  at  a  depth  of  approxi- 
mately 3  feet  by  a  limestone  gravel  that  is  closely  cemented  with  lime 
materials.  The  gravel  subsoil,  which  extends  to  a  depth  of  about  30 
feet,  is  practically  free  from  soil.  While  it  is  so  closely  cemented  that 
it  does  not  imduly  drain  the  soil,  it  is  not  of  a  character  that  allows 
the  storage  of  available  water  or  the  development  of  roots  within  it. 
The  presence  of  gravel  in  the  surface  soil  does  not  permit  the  taking 
of  samples  satisfactory  for  the  study  of  soil  moisture.  Enough  has 
been  done,  however,  to  make  it  certain  that  the  supply  of  water  that 
can  be  stored  in  this  soil  is  limited.  This  shallowness  of  the  soil  and 
consequent  limitation  of  the  quantity  of  water  that  can  be  stored 
in  it  and  recovered  by  the  crop  makes  the  crop  dependent  in  large 
part  upon  the  rains  that  fall  while  it  is  growing. 

While  the  oat  crop  is  not  at  present  the  most  important  commercial 
crop  in  the  Judith  Basin,  good  yields  have  been  obtained  at  this  field 
station  and  a  profit  reahzed  by  all  methods  under  trial.  In  1912  the 
crop  was  destroyed  by  a  local  hail  storm.  Yields  have  therefore 
been  calculated  on  the  basis  of  five  years.  In  the  experiments  in 
crop  rotation  and  cultivation  methods,  33  plats  of  oats  have  been 
grown  each  year.  This  number  was  increased  by  the  addition  of 
new  work  in  1913,  but  only  work  started  in  1908  is  here  reported. 
As  here  presented,  the  results  are  arranged  to  study  only  the  effect 
of  cropping  and  cultivation  in  the  one  year  preceding  the  growth  of 
oats.     No  attempt  is  made  to  study  rotations  as  units. 

Table  V  shows  that  while  there  may  be  great  seasonal  variations 
in  yields  the  differences  resulting  from  cultural  conditions  are  gener- 
ally small.  With  the  exception  of  the  comparatively  high  yield  by 
summer  tillage  and  the  low  yield  on  both  brome-grass  and  alfalfa 
sods  and  following  flax  on  brome-grass  sod,  the  differences  in  yield 
from  different  preparations  are  too  small  to  have  meaning. 

The  low  yields  on  brome-grass  and  alfalfa  sod  and  following  flax 
on  brome-grass  sod  are  due  to  the  fact  that  at  this  station  sod  crops 
recover  after  breaking  to  such  an  extent  as  to  choke  out  the  oats. 
The  profitableness  of  these  crops  in  themselves,  together  with  the 
poor  results  which  follow  their  breaking,  indicates  that  the  sod  crops 
should  remain  down  for  long  periods  rather  than  enter  into  short 
rotations. 
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[js  V. —  Yields  and  coat  of  production  of  oats  by  different  methods  alike  J 
Field  Station,  1909  to  1914,  inclusive. 


Num- 
ber of 
plats 
aver- 
aged. 

Yield  per  acre  (bushels.) 

reatment  and  previous  crop. 

1909 

1910 

1911 

1912 

1913 

3 

►lowed: 

rheat 

6 
1 

1 
1 

1 

164.9 
66.2 
57.8 

120.5 
20.9 
19.3 

63.0 
51.5 
63.7 
53.1 
46.7 

1 

(«) 

62.8 
65.0 
64.4 
70.6 
33,7 

ats          

arley  

Winter  \^heat 

lax 

63.7 

19.5 

Total  or  average 

10 

63.9 

20.2 

52.2 

61.1 

&± 

1 
1 
2 

63.1 
75.3 
72.4 

25.3 
24.3 
23.1 

51.5 
52.0 
54.5 

54.5 
64.1 
63.1 

ats 

jrn 

Total  or  average 

4 

70.8 

24.0 

63.1 

61.2 

reaWng: 

Ualfii i 

1 
2 

1 

56.8 
62.5 
72.5 

14.3 
17.8 
22.8 

33.1 
22.5 
37.8 

30.6 
88.6 
6a3 

roine>grass 

lover.n 

Total  or  average 

4 

63.6 

18.2 

29.0 

39.5 

illed:  Oats 

1 
1 
6 

63.7 

V2. 5 

»57.3 

25.3 

22.8 

»24.4 

53.0 
53.5 
55.6 

65.0 
68.4 
75.1 

i:  Oats 

diCom 

I  maniired: 

ye 

2 
2 

68.7 
71.2 

25.7 
21.0 

66.8 
52.0 

75.9 
75.3 

eas 

Total  or  average 

4 

69.9 

23.4 

64.4 

75.6 

aer  tilled 

3 

70.5 

23.6 

63.2 

76.2 

Average  of  all  33  plats 

65.5 

22.2 

51.4 

64.3 

Summary  of  Yields  and  Digest  of  Cost. 


Tillage  treatment. 

Previ 

Is,  values,  etc. 

t  . 

btns  . 

S 

it 

C 

•  ■* 

5 

CO 

irage  per  acre). 

II 

32 

il 

III 

III 

1 
1 

o  & 

fe^ 

OQ 

Q 

•^ 

s 

O 

OQ 

O 

9  of  grain: 

1 bushels.. 

63.9 

70.8 

67.3 

72.5 

63.7 

69.9 

70.5 

63.6 

61.  < 

1 do.... 

20.2 

24.0 

24.4 

22.8 

25.3 

23.4 

23.6 

18.2 

24.  ( 

do.... 

52.2 

53.1 

55.6 

53.5 

53.0 

54.4 

63.2 

29.0 

55.  J 

do.... 

do.... 

^L 

i?.2 

!>h 

S4 

So 

75.6 

^2. 

^\ 

7i'\ 

do.... 

52.0 

47.1 

54.2 

37.5 

40.6 

50.5 

58.7 

35.2 

63.C 

Average 

49.9 

51.2 

53.3 

49.9 

49.5 

54.8 

58.4 

37.1 

53.2 

tralue^oostyetc.: 

alue 

114.97 
6.31 

$15.36 
5.84 

115.99 
4.50 

$14.97 
5.30 

$14.85 
6.92 

$16.44 
14.36 

$17.52 
11.25 

Mt 

Profit 

8.66 

9.52 

11.49 

9.67 

7.93 

2.08 

6.27 

1  Only  4  plats  in  1909  and  1910. 


>  Destroyed  by  haiL  *  Only  5  plats  in  1909  ai 
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When  the  cost  of  production  is  taken  into  consideration,  as  in  the 
last  part  of  Table  V,  it  is  seen  that  the  less  expensive  methods  are 
more  profitable.  This  is  a  direct  result  of  the  lack  of  differences  in 
crop  values  as  great  as  the  differences  in  cost  of  production.  Great 
freedom  is  offered  the  farmer  in  the  choice  of  the  place  he  will  give 
oats  in  his  cropping  system  and  in  the  manner  in  which  he  will  pre- 
pare the  lan^  for  the  crop. 

HUNTLEY  FIELD  STATION. 

The  field  station  at  Huntley,  Mont.,  is  located  in  the  valley  of  the 
Yellowstone  River,  just  below  the  first  bench.  The  soil  is  a  heavy 
gumbo  to  a  depth  of  about  8  feet.  Underlying  the  soil  is  a  consider- 
able depth  of  freely  drained  gravel.  This  soil  carries  a  large  supply 
of  available  water  and  allows  deep  feeding  of  the  crop.  Consequently, 
it  is  possible  to  store  in  it  a  maximum  quantity  of  water  that  can  be 
recovered  by  the  crop. 

Data  of  only  two  years  are  available  from  the  Huntley  station. 
These  both  have  been  years  of  heavy  production.  The  results  of  two 
years  are  not  sufficient  evidence  on  which  to  draw  conclusions,  but 
may  be  of  value  as  indicators.  The  extreme  range  by  different  prepa- 
rations in  the  average  of  the  two  years  has  been  from  41.2  bushels 
on  fall-plowed  oat  ground  to  62.1  bushels  after  peas  as  green  manure. 

In  both  years  the  yield  by  both  spring  and  fall  plowing  has  been 
heavier  on  wheat  stubble  than  on  oat  stubble.  In  both  years  the 
yield  has  been  heavier  by  spring  plowing  than  by  fall  plowing  of 
either  wheat  or  oat  stubble. 

As  compared  with  similar  oat  stubble  fall  plowed,  there  has  been  a 
small  increase  in  yields  each  year  as  a  result  of  subsoiling.  The  aver- 
age of  this  increase  has  been  4.9  bushels  per  acre.  But  a  still  further 
increase  of  1.1  bushels  per  acre  has  resulted  from  furrowing  with  a 
lister  and  leaving  the  ground  rough  through  the  winter  instead  of 
plowing.  The  yields  following  corn  have  averaged  heavier  than  those 
following  small  grain,  but  not  as  heavy  as  those  following  either 
summer  tillage  or  green  maniu'e.  Disking  com  ground  has  been  as 
good  a  preparation  as  plowing  it.  The  highest  average  yields  have 
been  obtained  by  summer  tillage  and  green  manure. 

A  profit  has  been  reaUzed  from  the  production  of  the  crop  by  all 
the  methods  under  trial.  The  smallest  profit,  $3.22  per  acre,  has 
been  by  the  most  expensive  method,  green  maniuing.  The  largest 
profit,  $11.40  per  acre,has  been  by  the  least  expensive  method,  disking 
com  ground.  Spring  plowing  and  listing  are  of  about  equal  rank, 
with  profits  of  nearly  $9  per  acre.  Fall  plowing,  subsoiling,  and 
simcimer  tillage  have  each  given  an  annual  profit  of  about  $7  per  acre. 
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Table  VII. —  Yields  and  co$t  of  production  of  oaU  by  different  methods  at  the  Williston 
Field  Staticn,  1910  to  1914,  inclusive. 


Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1910 

1911 

1912 

1913 

1914 

Average. 

FaU_plowed: 

>ylieat 

S 
1 

1 
1 

1.4 
2.2 
2.2 

5.0 

8.6 
8.1 
8.8 
2.8 

67.6 
46.9 
61.2 
61.9 

36.0 
30.3 
28.9 
12.2 

74.1 
60.6 
87.6 
52.8 

85  6 

Oats    

29  6 

Barley 

37.7 

Flax   ......T....TT TT 

26.9 

Total  or  average 

6 

2.3 

7.6 

57.1 

29.9 

70.5 

33  5 

«p^^t'!^: 

1 

1 
2 

2.0 
3.1 
1.7 

22.5 
9.1 
10.0 

60.0 

47.8 
69.7 

36.2 
34.7 
46.8 

7a3 
51.6 
66.1 

38.2 

Oats     

20  3 

Com 

38.7 

Total  or  averace 

4 

2.1 

12.9 

61.8 

41.1 

63.0 

36  2 

8od  breaking: 

Brome-grass 

1 

1 

7.8 
9.1 

1.6 
5.9 

63.1 
66.6 

27.5 
40.2 

71.6 
85.3 

34.3 

Clover 

41  4 

Total  or  average. » t 

2 

8.5 

3.8 

64.9 

33.9 

78.5 

37  9 

Pfeked:Com 

4 

2.5 

15.0 

64.1 

42.5 

65.5 

37.9 

Green  manure: 

Rve  

1 
1 

4.1 
3.8 

7.6 
9.1 

61.9 
57.5 

48.0 
45.3 

63.7 
80.4 

37.0 

Peas,  .r 

41.0 

Total  or  average 

2 

4.0 

8.3 

59.7 

46.7 

76.6 

39.1 

Summer  tilled 

3 

5.9 

16.8 

77.1 

39.8 

79.7 

43.9 

Average  of  all  21  plats .... 

3.5 

11.0 

63.2 

37.8 

71.0 

37.3 

SuMMART  or  Yields  aitd  Diqest  or  Cost. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc  (average 
per  acre). 

FaU 
plowed 

(« 
puts). 

plats). 

Disked 

(4 
plats). 

Green 
ma- 
nured 

(2 
plats). 

Sum- 
mer 
tiUed 

(3 
plate). 

Sod 

(2 

plats). 

Com 

(6 
plats). 

Small 
grain 

(7 
plats). 

Flax 

(1 
plat). 

Yields  of  grain: 

1910 busheb.. 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

2.3 

7.6 

57.1 

29.9 

70.5 

2.1 
12.9 
61.8 
41.1 
63.0 

2.6 
15.0 
64.1 
42.5 
65.5 

4.0 

8.3 

59.7 

46.7 

76.6 

5.9 
16.8 
77.1 
39.8 
79.7 

8.5 
3.8 
64.9 
33.9 

78.5 

2.2 
13.3 
66.0 
43.9 
65.3 

2.0 
10.6 
55.5 
34.0 
70.3 

5.0 
2.8 
61.9 
12.2 
52.8 

33.5 

36.2 

37.9 

39.1 

43.9 

37.9 

38.1 

34.5 

26.9 

Crop  value,  cost  of  produo- 
Vahie  '.  

110.06 
6.31 

110.86 
5.84 

111.37 
4.50 

111.73 
14.36 

113.17 
11.25 

Cost  ' 

Profit  at  loss 

3.74 

5.02 

6.87 

-2.63 

1.92 

The  record  of  five  years  from  Williston  includes  three  years  of 
heavy  and  two  of  very  low  production.  When  averaged  for  the  five 
years  the  results  do  not  show  a  wide  variation  in  yields  by  different 
tillage  methods.  The  yield  of  oats  has  been  higher  each  year  except 
1910  by  both  spring  and  faU  plowing  when  the  crop  followed  wheat 

87674^— Bull.  218—16 3 
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OATS  IN 

been  by  summer  tilli 
n  manure  with  an  av 
L  an  average  of  47.5  I 

X  YLll.— Yields  and  cost  c 
Field  ^ 


tment  and  previous 
crop. 

Number 
of  plats 
averaged. 

lowed: 

beat 

3 

1 
1 

6 

- 

4 
1 
2 

7 

1 

1 
•  1 

3 

= 

5 

1 
1 
1 

3 

3 

Its 

irley 

az 

Total  or  average 

^^Jr*": 

Its 

im 

Total  or  average 

reaking: 

over 

Total  or  average 

d:  Com 

manure: 

^e 

ses 

Total  or  average 

lertllled 

ivenge  of  all  27  plats. 

SUMKABY 


^  values,  etc.  (average 
per  acre). 

FaU 
plowed 

(6 
plats). 

1 

I 

] 

of  grain: 

B bushels.. 

n do.... 

10 do.... 

11 do.... 

12 do.... 

13 do.... 

14 do.... 

36.9 

82.2 

29.4 

.    1.9 

Si 

17.8 

A.venige 

34.4 

rahie,  cost,  etc.: 
Jue 

$10.32 
6.31 

st 

4.01 
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Spring  plowing  has  averaged  a  little  better  than  fall  plo^ 
spective  of  the  kind  of  stubble  plowed.  The  relative  mei 
two  vary  from  year  to  year,  depending  upon  the  seaso 
condition  of  the  groxmd  at  plowing  time.  Generally, 
ground  is  wet  at  the  time  of  fall  plowing,  the  better  resul 
tained  from  it.  On  the  other  hand,  if  fall  plowing  is  done 
ground  is  dry,  it  has  not  been  as  good  as  spring  plowing. 

When  the  cost  of  production  is  considered,  as  in  the  seco 
Table  VIII,  it  is  seen  that  the  high  cost  of  green  manure  1 
the  growth  of  oats  by  this  method  to  be  done  at  a  loss  of 
acre.  The  high  yields  and  low  cost  of  preparation  of  d 
ground  have  combined  to  make  it  show  the  largest  pro 
method,  $9.75  per  acre.  Intermediate  between  these  t 
plowing  with  $5.23,  fall  plowing  with  $4.01,  and  summer  ti 
$3.72  profit  per  acre,  respectively. 

BDGELEY  FIELD  STATION. 

The  field  station  at  Edgeley,  N.  Dak.,  is  located  on  a  s 
derived  from  the  decomposition  of  shale,  which  in  und< 
particles  is  found  very  near  the  surface.  In  the  third  foot 
while  broken  and  offering  fairly  free  passage  to  water,  is  ; 
broken  down  into  soil.  The  depth  of  feeding  of  crops  is  ] 
limited  to  the  first  2  feet.  The  first  foot  carries  an  unduly 
ply  of  water  available  to  the  crop.  The  limited  depth  o 
functions  in  the  storage  of  water  and  in  the  development  o 
however,  limits  the  quantity  of  available  water  that  can 
in  the  soil  to  about  half  that  carried  by  soils  of  greater  de] 
makes  the  crop  practically  dependent  upon  rains  that  h 
is  growing. 

Edgeley  offers  for  study  of  oat  production  an  unbroken 
eight  years.  Five  of  the  eight  years  have  been  productive 
crops  from  practically  all  methods,  while  three  have  beei 
light  production  from  practically  all  methods. 

The  range  of  yields  from  different  methods  of  prepar 
cropping  as  exhibited  in  the  average  of  the  eight  years  is 
tively  small.  This  is  as  might  be  expected  from  the  soil 
the  station  is  located.  Its  shallowness  makes  the  crop  n 
dependent  upon  the  seasonal  precipitation  than  it  is  in  de 
It  is,  consequently,  impossible  to  realize  much  benefit  frou 
of  cultivation  calculated  to  store  water  in  the  lower  zone 
crop-feeding  depth. 

Oats  on  land  which  was  summer  tilled  the  previous  ; 
produced  an  average  yield  of  38.3  bushels  per  acre,  but  tl 
4.8  bushels  more  than  the  average  on  disked  com  ground 
bushels  more  than  the  average  of  all  crops  following  small 
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BLE  IX. —  Yields  and  cost  of  production  of  oats  by  different  methods  at  tht 
Field  Station,  1907  to  1914,  inclusive. 


Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1907 

1908 

1909 

MIO 

1911 

M12 

1913 

191^ 

Iplowed: 
Wheat 

4 
1 
1 

1 

28.0 
21.4 
32.5 

25.5 
15.3 
15.0 
22.5 

50.8 

46.8 
6a3 
53.1 

laT 
ia3 

14.3 
15.6 

2.8 
.3 

L6 
.6 

6L1 
6a3 
57.8 
55.0 

34.3 
21.6 
27.5 
27.5 

51  \ 

Oats 

30  ( 

Barley 

48.i 

fEt?..::::;:;:;;:;::::;:::: 

50  'i 

Total  or  average 

7 

27.6 

21.7 

66.7 

11.8 

1.9 

60.6 

3a6 

47  1 

^sjyslT^- 

2 

1 
2 

20.7 
21.3 
1&.2 

2a6 
1&9 
2a8 

54.2 
67.5 
50.8 

9.7 
6.2 

7.8 

2L4 
.6 
7.1 

56i2 
53.8 
73.6 

46.4 
28.4 
40.6 

44  ( 

Oats 

36  1 

Com 

33  : 

Total  or  avenge 

5 

2a4 

19.8 

57.1 

8.2 

3.9 

62.7 

4a5 

38  { 

1  breaking: 

1 
1 

'33.8" 

9.7 
16l3 
11.3 

48.7 
55.0 
5a3 

3.8 
8.1 
3.1 

.2 
.6 
6.0 

45.3 
54.4 
49.1 

8.7 
37.1 
51.6 

A7.\ 

PromMn'M's 

A\  i 

cioto]:^..........::::::: 

47  i 

Total  or  average 

3 

33.8 

12.4 

51.3 

5.0 

1.9 

49.6 

32.5 

43.^ 

Iked:  Com 

7 

28.2 

2ai 

55w4 

7.9 

3.7 

6a5 

43.6 

48,  t 

Ben  manured: 
Rye 

1 

1 
1 

37. « 
32.6 

24.7 
19.4 
19.4 

61.8 
53.8 
45.3 

9.3 
6.5 
7.1 

ia9 

1.7 
.3 

76.0 
64.4 
61.2 

4ao 

53.7 
3&0 

48  .' 

?£:::::::::::::::::::::::: 

46  S 

Sweet  dorer 

6ai 

Total  or  average 

3 

3&0 

21.2 

53.6 

7.6 

4.3 

66.9 

43.2 

48^ 

mmnrtfllml. 

5 

33.8 

10.9 

60.0 

11.0 

9.3 

7a9 

64.1 

48  1 

Average  of  all  30  plats 

27.9 

19.6 

66.0 

9.1 

4.1 

61.9 

4a6 

46  ( 

SUMMART  OF  YtELDa  AND  DlQBST  OP  C09T. 


Tfllage  treatment. 

Previous  en 

YMds,  vahies.  etc. 
(average  per  acre). 

Fall 
plowed 
(7  plats). 

(Kplats). 

Disked 

(7  plats). 

Green 
manured 
(3  plats). 

Summer 

tilled 
(5  plats). 

Sod  (3 
plats). 

Com  (9 
plats). 

Sm 
plal 

elds  of  grain: 

M07 bnshels.. 

M08 do.... 

1900 do.... 

MIO do..-. 

Mil do.... 

M12 do.... 

MI3 do.... 

M14 do.... 

27.6 
21.7 
6&7 
11.8 
L9 
69.6 
3a5 
47.7 

20i4 
19.8 
57.1 
8.2 
3.9 
62.7 
4a5 
38.3 

28.2 

2ai 

66.4 
7.9 
8.7 
6a5 
43.6 
4&2 

36.0 
21.2 
63.6 
7.6 
4.3 
66.9 
43.2 
4&8 

38.8 
19.9 
60.0 
11.0 
9.3 
7a9 
64.1 
48.1 

33.8 
12.4 
51.3 
5.0 
1.9 
49.6 
32.5 
43.8 

23.0 

2a3 

56.3 
7.9 
4.4 
63.4 
42.9 
44.9 

Z 

2( 
6( 
1( 

5! 
3^ 

41 

Average 

32.2 

31.4 

a3.6 

35.1 

38.3 

28.8 

32.9 

31 

opvaloe,  cost,  etc.: 

I0L66 
6.31 

19.42 

6.84 

Iia05 
4.60 

lias; 

14.36 

$11.40 
11.25 

Cost 

Profit  or  loss 

3.35 

3.58 

6.55 

-3.83 

.24 

>  Additions  were  made  to  the  work  at  this  station  in  the  spring  of  1900.    The  number  of  pk 
e  average  is  the  number  fh>m  1900  to  1913,  but  it  is  not  in  all  cases  correct  for  1907  and  1908. 

The  yields  of  oats  following  rye  plowed  under  for  green 
ave  averaged  practically  the  same  as  those  on  smnmer-tilli 
he  yields  following  peas  as  a  green  manure  have  not  a 
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been  the  poorest  in  the  field.  This  plat  is  plowed  shallow  and  given 
little  cultivation.  It  also  has  a  poor  location  in  the  field  and  results 
from  it  are  entitled  to  little  weight. 

Table  XII.—*  Yields  and  cost  of  production  of  oats  by  different  methods  at  the  Scottsbluff 
Field  Statimy  191ty  1913,  and  1914. 


Treatment  and  previous  crop. 

Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1912 

1913 

1914 

Average. 

J"Wl_riU>wed: 

Wheat 

4 
1 

1 
1 

11.5 
21.6 
9.0 
38.4 

20.4 
16.9 
22.2 
25.0 

20.2 
14.7 
15.9 
10.0 

17.4 
17.7 
15.7 
24  5 

Oats 

Bariey 

Flax , 

Total  or  average                                 ... 

7 

16.4 

20.8 

17.3 

18.2 

Bpr^^wed: 

2 

1 
2 

1 

25.5 
19.4 
33.8 
35.0 

25.8 
15.0 
20.8 
39.7 

14.4 
8.4 
13.9 
14.4 

21  9 

Oats...'. 

14  3 

Com 

22  8 

SorBlltini .,..-.-,-.. -                   - .  -    ,    . 

29  7 

Total  or  ftv«rngf> . 

6 

28.8 

24.7 

13.2 

22  2 

Sod  breaking: 

1 
2 
1 

41.9 

8 

13.4 
27.6 
20.0 

5.6 
14.4 

17.8 

20  3 

21.0 

Clover 

18.9 

4 

41.9 

22.1 

13.0 

25  7 

SalMoiled:  Oats 

1 
1 
8 

27.8 
25.3 
43.0 

17.5 
23.1 
19.8 

15.9 
12.8 
16.0 

20  4 

Listed:  Oats. 

20  4 

Disked:  <>>m...,  ,, 

26  3 

Green  manured: 

Rye 

2 
3 

34.6 
29.6 

35.3 
29.4 

21.4 
23.4 

30.4 

PeAs ,,,„-,-., 

27.6 

Total  or  average 

5 

31.6 

31.8 

22.6 

28  7 

Q^mntnAP  tilled .      . 

4 

45.5 

44.0 

25.0 

38.2 

Average  of  all  36  plats 

32.3 

25.4 

17.3 

25.0 

SUMMABY  OF  YDELOS  AND  DiOEST  Of  COST. 


Tillage  treatment. 

Previous  crop. 

Yields,  values, 

etc.  (average 

per  acre). 

FaU 
Plowed 

plats). 

pow 
plats). 

Disked 

(8 
plats). 

Listed 
(iplat). 

Sub- 
sofled 
(Iplat). 

Green 
ma- 
nured 

(5 
plats). 

Sum- 
mer 
tmed 

(4 
plats). 

Com 

(10 

plats). 

Small 

grain 

(11 

plats). 

Sod 

(4 

plats). 

Flax 
p^t). 

Yields  of  grain: 
1912.. ..bush.. 
1913.... do.... 
1914.... do.... 

16.4 
20.8 
17.8 

28.8 
24.7 
13.2 

43.0 
19.8 
16.0 

25.3 
23.1 
12.8 

27.8 
17.5 
15.9 

31.6 
31.8 
22.6 

45.5 
44.0 
25.0 

41.1 
20.0 
15.6 

18.2 
20.7 
16.1 

41.0 
22.1 
13.0 

38.4 
25.0 
10.0 

Average.... 

18.2 

22.2 

26.3 

20.4 

20.4 

28.7 

38.2 

25.6 

18.3 

25.7 

24.5 

(Upvalue,  cost, 
etc.: 
Value 

$5.46 
6.31 

S6.66 

5.84 

$7.89 
4.50 

$6.12 
5.30 

$6.12 
6.92 

$8.61 
14.36 

$11.46 
11.25 

Cost 

Profit  or 

kMS.... 

-  .86 

.82 

3.39 

.82 

-  .80 

-5.76 

.21 

>In  1911  brome-grass  and  clover  did  not  come  up,  so  these  plats  were  summer  tilled,  and,  therefore, 
the  yields  are  not  figured  in  these  tables. 
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irence  is  to  be  observed  between  the  results  following  the 
\  and  of  rye  for  this  purpose. 

£  XIII. —  Yields  and  cost  of  production  of  oats  by  different  methods  at  ii 
PlatU  Field  Station,  1907  to  1914,  indtmve. 


ment  aod  previous  crop. 

Number 
of  plats 
averaged. 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

owed: 

lieat 

4 

1 
1 

30.9 
36.0 
23.1 

61.0 
68.5 
49.1 

24.4 
24.1 
20.0 

7.3 
11.9 
6.6 

0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 
0 

0 

9.7 
10.6 
14.7 

0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 
0 

0 

7.9 
14.7 
10.0 

Its    

irley 

Fotal  or  averRg*. ..... 

6 

30.5 

60.2 

23.6 

7.9 

10.7 

9.4 

&^:: 

2 

1 
2 
1 

34.5 
30.0 
34.6 
30.0 

47.7 
34.4 
54.3 
45.0 

32.8 
81.3 
31.3 
28.8 

12.5 
11.3 
12.2 
8.1 

18.6 
18.7 
14.4 
12.5 

9.1 
5.0 
9.7 

7.8 

tts 

rn  

rvhum .....t...... 

rotai  or  average 

6 

33.0 

47.2 

31.4 

11.5 

16.2 

8.4 

eaking: 

Ufo 

1 
1 

24.0 
22.2 

36.8 
40.0 

14.4 
16.6 

2.5 
4.7 

12.5 
7.2 

7.2 
5.6 

ome-ffraffs 

rotai  or  Averaee 

2 

23.1 

38.4 

15.5 

3.6 

9.9 

6.4 

I:  Com 

1 

40.6 

53.4 

22.5 

11.9 

6.6 

7.8 

mannred: 

'e.        ................... 

2 
2 

30.5 
28.6 

73.8 
75.8 

«32.6 
34.8 

16.4 
14.6 

10.3 
13.8 

10.0 
9.7 

as. .......T..-rr 

rotai  nr  i|v«»nigB.  r-^s. 

4 

29.6 

74.8 

34.0 

15.5 

12.0 

9.9 

er  tilled 

4 

34.3 

87.1 

37.3 

26.2 

19.6 

14.9 

31.4 

61.8 

28.4 

13.1 

13.7 

9.8 

Summary  or  Yields  and  Digest  or  Cost. 

Tillage  treatment. 

Previous  crop. 

,  values,  etc. 
tage  per  acre). 

Fall 
plowed 
(5  plats). 

plowed 
(5  plats). 

Disked 

(iplat). 

Green 
manured 
(4  plats). 

Summer 

tlUed 
(4  plats). 

Sod 

(2  plats). 

Com 
(3  plats). 

SmaU 

grain 

(9  plats) 

of  grain: 
r7... bushels.. 

» do.... 

» do.... 

10 do.... 

11 do.... 

12 do.... 

13 do.... 

L4 do.... 

30.5 
60.2 
28.6 

7.9 

0 
10.7 

0 

9.4 

83.0 
47.2 
31.4 
11.5 

0 
16.2 

0 

8.4 

40.6 
53.4 
22.5 
11.9 

0 

6.6 

0 

7.8 

29.5 
74.8 
34.0 
15.5 

0 
12.0 

0 

9.9 

34.3 
87.1 
37.8 
26.2 

0 
19.6 

0 
14.9 

23.1 
38.4 
15.5 

3.6 

0 

9.9 

0 

6.4 

36.6 
54.0 
28.3 
12.1 

0 
11.8 

0 

9.1 

31.3 
64.6 
26.5 

9.3 

0 
13.3 

0 

8.8 

Average 

17.8 

18.5 

17.9 

22.0 

27.4 

12.1 

19.0 

18.0 

ralue,  cost  of 

ortkm.etc: 

iloe 

$5.34 
6.31 

$5.55 
5.84 

$5.37 
4.50 

$6.60 
14.36 

$8.22 
11.25 

0t 

Profit  or  loss 

-  .97 

-  .29 

.87 

-7.76 

-8.03 

a  Only  1  plat  In  1909. 


he  heaviest  yields  have  been  those  following  summer 
)eded  only  by  disked  com  groimd  in  1908.     But  when  the 
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!*ABLE  XV. —  Yields  and  cost  ofpr 
Station 


Treatment  and  previous  crop. 


aU 


1  plowed: 

Wheat 

Oats 

Barley 

Tota]  or  average. 


*"v?£srf*: 


Oats. 
Com  . 


Total  or  average. 

!od  breaking: 

AUWfft 

Brome  grass 


Total  or  average. 


SabaoOed:  Oats. 
LiBtBd:  Oats.... 


Disked: 

Com 

Sorghum. 


Total  or  average 

tflled 

Average  of  all  17  plats. 


SUlflCABY  ( 


Yields,  values,  etc.  (aver- 
age per  acre). 

Fall 
plowed 

(5 
plats). 

Sprfaig 
plowed 

(4 
plats). 

Yislds  of  grain: 

1906 bushels.. 

1909 do.... 

.    1910 do.... 

1911 do.... 

1912.... do.... 

1913 do.... 

1914 do.... 

22.1 

0 
39.2 

9.6 
28.7 

16.4 

^0 

0 
31.8 

8.0 
22.4 

Average. 

20.7 

17.6 

Orop  value,  cost  of  pro- 
duction, etc: 
Value. 

ie.21 
6.31 

$5.28 

Cost 

5.84 

Profit  or  Ion 

-.10 

-.66 
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i.Bi^B  XVI. —  Yields  and  cost  of  production  of  oats  by  different  methods  at  the  Chrden 
City  FieU  Station,  1909  to  1914,  inclusive. 


rreatment  and  previous  crop. 

Number 
of  plats 
averaged. 

Yield  per  acre  (bushels). 

1909 

1910 

1911 

1912 

1913 

1914 

Average. 

kU  plowed: 
Wheat 

3 
1 
1 

• 

2.1 
3.2 
3.1 

6.6 
10.3 
10.0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

17.0 
23.1 
29.7 

\i 

v) 
*) 

(I) 

(*) 
(I) 

0) 

'^ 

0) 

13.3 
8.1 
12.8 

7.8 

Oats 

8.9 

Barley 

11.1 

Total  or  avorngp. . . .   .   . 

5 

2.5 

8.0 

20.8 

12.2 

8.7 

'^^^r:!: 

1 
1 
2 

1.3 
1.0 
3.1 

7.2 
6.3 
7.4 

21.9 

8.8 
22.9 

■  "i'2' 

7.6 

Oats 

3.6 

Com 

8.4 

Total  or  avcrftco. .  . 

4 

2.1 

6.8 

19.1 

2.2 

6.0 

bsoUcd:  Oats 

1 

1 

2.6 
2.2 

10.0 
11.6 

16.9 
27.8 

17.3 
22.2 

9.2 

sted:  Oats 

12.8 

Isked: 
Com 

8 
1 
2 
2 

1.6 
0 
.6 
1.2 

9.3 
7.6 
6.7 
6.6 

21.8 
8.8 
28.0 
27.1 

12.2 

9.0 

Sonrhum 

4.1 

MuS. ":..:::.:.:.:::.:::::: 

8.6 

Kafir 

8.6 

Total  or  average 

13 

1.2 

8.0 

22.6 

12.2 

8.8 

roen  manure: 
Rye 

1 

1 

1.6 
.9 

12.8 
12.8 

20.2 
22.6 

10.6 

9.0 

Peas 

9.1 

Total  or  av^rago 

2 

1.2 

42.8 

21.4 

10.6 

9.2 

immer  tiDed 

3 

4.6 

16.2 

26.8 

17.2 

12.8 

Average  of  all  28  plats 

2.0 

9.2 

22.0 

13.1 

9.3 

SumcARY  OF  Yields  and  Diqest  op  Cost. 


ields,  values,  etc., 
ivera^  per  acre). 


Tillage  treatment. 


S 


I 

ft 

i 


0< 


i 


Previous  crop. 


1 


ieldg  ofprain: 
1909...  bushels. 

1910 do... 

1911 do... 

1912 do... 

1913 do... 

1914 do... 


2.6 
8.0 
0 
20.8 

(•) 
12.2 


2.1 
6.8 
0 
19.1 

'i2 


1.2 
8.0 
0 
22.6 


^l 


2.2 
11.6 

0 
27.8 

22 


2.6 
10.0 

0 
16.9 


1.2 

12.8 
0 
21.4 

\'l5 


Average.. 


8.7 


6.0 


12.8 


9.2 


9.2 


rop  value,   cost, 
etc.: 

Value 

Cost. 


92.61 
6.31 


$1.80 

6.84 


12.64 
4.50 


13.84 
6.30 


$2.76 
6.92 


$2.76 
14.36 


Loss. 


—3.70 


04  —1.86  —1.46 


16   -11.60  —7.41 


4.6 
16.2 

0 
25.8 

0) 
17.2 


1.8 
8.9 
0 
22.0 


2.2 
8.2 
0 
19.8 


0 

7.5 

0 

^.8 

« 


0 

6.7 
0 
28.0 

^*) 


12.8 


9.0 


8.6 


4.1 


8.6 


$3.84 
11.26 


1.2 
6.6 
0 
27.1 

(«) 


8.6 


^  Destroyed  by  hail. 


t  Discontinued. 
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as 


Table  XVII.— FieWi  and  coit  of  production  of  oaU  by  different  methods  at  the  Dalhart 
Field  Statiany  1909  to  1914,  tnclimve— Oontmued. 


SUIOIABT  or  YIKLD6  AND  DIOS8T  OF  COST. 


Yields,  TalneSk  etc. 
(average  per  acre). 


Tillage  treatment. 


I 

1 


i 


Previous  cn^. 


I 


I 


1 


Tields  of  grain: 

igoo bushels. 

1910 do... 

mi do... 

1W2 do... 

1913 do... 

1914 do... 


0 
l&O 


0 
14.0 


0 

0) 
0 

IS.  9 


0 

<i> 

0) 
0 
3S.4 


0 


12.1 
21.6 


0 

10.7 


0 

l&O 


0 
17.7 


8.0 


0) 


0). 


Average.. 


4.5 


8.5 


4.0 


&9 


9.3 


4.2 


3.8 


4.4 


1.0 


Crop  valne,  cost  of 
production,  etc.: 

Value 

Cost 


S1.35 
0.31 


S1.05 
&84 


S1.20 
4.50 


$1.77 
6.30 


10.09 
14.36 


12.79 
11.25 


Loss. 


-4.79 


-3.30 


-3.53 


-14.27 


-a  46 


1  Destroyed  by  haO. 

Much  the  same  work  has  been  done  with  oats  at  Dalhart  as  at  the 
other  field  stations.  Determined  efforts  have  been  made  for  six  years 
to  grow  this  crop  imder  a  wide  range  of  methods  of  preparation  and 
cidture,  but  without  success.  It  has  been  variously  destroyed  by  hail, 
drought,  and  soil  blowing.  The  few  crops  that  have  been  harvested 
were  grown  on  summer-tilled  land,  but  the  yields  have  been  so  low, 
both  actually  and  in  comparison  with  other  crops  better  adapted  to 
the  r^on,  as  to  furnish  no  indication  of  their  profitable  production. 

The  low  yields  and  high  percentage  of  failures  of  oats  at  this  sta- 
tion resulting  from  each  and  all  of  the  various  methods  of  tillage  em- 
ployed indicate  little  possibility  of  overcoming  conditions  by  any 
cultural  practices.  This  indication  is  strengthened  when  the  time 
covered  by  these  tests  is  considered.  It  can  only  be  concluded  that 
the  combination  of  soil  and  climatic  conditions  existing  at  this  sta- 
tion is  not  congenial  to  the  production  of  oats. 

The  grain  sorghums  have  produced  good  crops  of  feed  every  year 
at  this  station  and  have  made  good  average  grain  yields.  As  com- 
pared with  these  crops  oats  has  no  place  in  the  cropping  system  under 
conditions  similar  to  those  at  this  station. 
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ABLE  XVIII.—  Yields  and  cost  < 
rillo  Field  -{ 


Treatmeiit  and  previous 
crop. 


Numl 
ofpla 
averag 


all  plowed: 
Wheat... 

Oats 

Barley... 


Total  or  average. 


"""^^.^ 


Oats. 
Com. 


Total  or  average. 


nbsoOed:  Oats, 
isted:  Oats 


isked: 
Com.. 
Milo.. 
Kafir. 


Total  or  average. 

reen  manure: 

Rye 

Peas 


Total  or  average 

ommer  tilled 

Average  of  all  25  plats. 


Summary 


Til 

'ields,  values, 
etc.  (average 
per  acre). 

FaU 
plowed 

(5 
plate). 

(4 
plate). 

Diskec 

(10 
plate), 

^lelds  of  grain: 
1908  .bush.. 
1909. ..do... 
1911... do... 
1912... do... 
1913... do... 
1914. ..do... 

28.7 

28.5 
10.5 

«.o 

23.0 

21.8 

0 

34.0 
13.5 

1.5 
19.8 

2a8 

0 

27.7 
12.6 

2.8 
31.1 

Average.. 

17.6 

15,1 

15.8 

^vahie,cost 
oiproduction, 
etc.: 

Vahie 

Cost 

$5.28 
6.31 

$4.53 
5.84 

$4.74 
4.50 

Profit  or 
loss 

-L03 

-1.31 

.24 
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ther  seasons  have  been 
lethod  of  cultivation  has 
amnion  than  either  of  tl 
^mbination  of  factors  n 
»me  methods  while  bI\o\ 
le  results  of  a  series  of 
me  in  a  continuous  agi 
:ceptional  years  tend  to 

Perhaps  the  first  thing 
elds  from  all  stations  is 
jrthem  than  to  the  sou 

an  almost  constant  dec 
aving  cooler,  shorter  seas 
nger  seasons.  This  deci 
ig  as  it  is  for  the  lighter 

a  lack  of  adaptation  o 
imatic  conditions  existii 
II  methods  fail  to  produc 
lows  that  this  lack  of  su 
ractices. 

General  averages  for  al] 
ic^  in  yield  obtained  at 
I  an  opposite  direction  a 

The  division  into  the  tv 
lowing  is  a  striking  exa 
ttd  the  resulting  lack  of 
18  trifling  exception  of 
lowing  at  all  stations  noi 
ill  plowing.  At  Hays  ai 
een  in  about  an  equal 
reater  number  of  station 
be  general  average  of  a 
pring  plowing.  This,  h( 
iiose  stations  whose  resu] 
ice  for  them. 

At  all  stations  north  of 
f  higher  average  yields  ^ 
Lt  North  Platte,  Dalhart 
lays  it  is  the  same  as  fa 
nd  at  Garden  City  it  is  1 
t  all  the  stations  report( 
gainst  25.8  bushels  for 
•lowing.  The  great  bull 
hown  in  detail  in  the  tab] 
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BSTRODUCnON. 

In  planning  the  experimental  work  of  the  Office  of  Dry-Land  Ag- 
riculture to  study  methods  of  crop  production  imder  dry-land  con- 
ditions in  the  Great  Plains,  com  was  given  rather  a  prominent  place. 
Elxperience  had  shown  that  in  the  production  of  fodder  it  was  at 
least  as  safe  a  crop,  and  perhaps  as  productive,  as  any  that  could  be 
grown  in  a  large  part  of  the  area.    Experience  had  also  shown  that 

1  All  of  the  members  of  the  scientific  staff  of  the  Office  of  Dry-Land  Agriculture  have  contributed 
more  or  less  to  this  paper  by  having  charge  of  field  investigations  and  by  assisting  in  the  preparation 
of  data  for  records  or  for  publication.  The  scientific  staff  as  at  present  constituted  consists  of  the  fol- 
lowing members,  named  in  the  order  of  length  of  service:  W.  W.  Burr,  Denver,  Colo.;  E.  F.  Chilcott, 
Woodward,  Okla.;  O.  J.  Grace,  Akron,  Colo.;  J.  S.  Cole,  Denver,  Colo.;  J.  M.  Stephens,  Moccasin,  Mont.; 
A.  L.  Hallsted,  Hays,  Kans.;  O.  R.  Mathews,  Belle  Fourche,  8.  Dak.;  J.  C.  Thysell,  Dickinson,  N.  Dak.; 
M.  Pfaender,Mandan,  N.  Dak.;  H.  C.  McKinstry,  Hettinger,  N.  Dak.;  W.  M.  Osbom.  North  Platte,  Nebr.; 
W.  D.  Griggs,  Dalhart,  Tex.;  C.  A.  Burmeister,  Amarlllo,  Tex.;  J.  E.  Mundell,  Big  Springs,  Tex.;  F.  L. 
Kelso,  Ardmore,  8.  Dak.;  W.  A.  Peterson,  Mandan,  N.  Dak.;  J.  T.  Sarvis,  Ardmore,  8.  Dak.;  G.  W.  Mor- 
gan, Huntley,  Mont.;  J.  H.  Jacobson,  Mitchell,  Nebr.;  H.  O.  Smith,  Tucumcari,  N.  Mex.;  L.  N.  Jensen, 
Woodward,  Okla.;  J.  G.  Lill,  Garden  City,  Kans.;  R.  8.  Towle,  Edgeley,  N.  Dak.;  A.  J.  Ogaard,  Williston, 
N.  Dak.;  C.  B.  Brown,  Dalhart,  Tex.;  L.  D.  Willey,  Archer,  Wyo.;  J.  B.  Kuska,  Colby,  Kans.;  and  A.  E. 
Seamans,  Akron,  Colo. 

The  following-named  men  have  held  positions  on  the  scientific  staff  of  the  Office  of  Dry-Land  Agricul- 
ture during  the  past  nine  years,  but  have  resigned  or  have  been  transferred  to  other  offices  of  the  Depart- 
ment of  Agriculture:  Sylvester  Balz,  F.  L.  Kennard,  J.  E.  Payne,  L.  E.  Hazen,  C.  A.  Jensen,  H.  R. 
Reed,  W.  O.  Whitcomb,  C.  H.  Plath,  F.  Knorr,  and  R.  W.  Edwards. 

The  data  here  reported  from  the  stations  in  Kansas,  Nebraska,  North  Dakota,  and  Montana  have  been 
obtained  in  cooperation  with  the  agricultural  experiment  stations  of  their  respective  States.  In  South 
Dakota,  Colorado,  Texas,  Oklahoma,  and  New  Mexico  the  stations  are  operated  by  the  United  States 
DeiMutment  of  Agriculture. 

Field,  office,  and  laboratory  facilities,  teams,  and  implements  have  been  provided  by  the  Office  of  West- 
em  Irrigation  Agriculture  at  Huntley,  Mont.,  Belle  Fourche,  8.  Dak.,  and  Mitchell,  Nebr.,  and  by  the 
Office  of  Cereal  Investigations  at  Amarillo,  Tex.,  and  Archer,  Wyo.  The  Biophysical  Laboratory  has 
cooperated  in  obtaifUng  the  meteorological  data  reported. 

Note.— This  buUetin  is  intended  for  all  who  are  interested  in  the  agricultural  possibilities  of  the  Great 
Plains  area. 
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corn  growing  possessed  merit  as  a  preparation  of  the  land  for  a  crop 
of  smaU  grain.  When  these  two  factors  are  combined  in  one  crop 
they  make  its  growth  of  double  importance.  Com  is  the  only  crop 
at  present  available  that  offers  this  advantage  which  at  the  same 
time  lends  itself  to  large  acreage  and  a  general  farming  system. 

The  grain  sorghmns  fit  equally  well  into  a  farming  system  that 
includes  the  production  of  live  stock,  but  they  are  not  adapted  to  the 
whole  of  the  Great  Plains,  and  furthermore  have  not  in  general 
shown  an  effect  so  beneficial  as  corn  on  the  following  crop. 

Potatoes  have  approximately  the  same  effect  as  corn  upon  most 
crops  that  may  follow  them,  but  the  potato  crop  does  not  lend  itself 
so  well  to  growth  on  a  large  acreage. 

The  effect  of  the  growth  and  clean  cultivation  of  com  as  compared 
with  summer  tillage  and  various  other  methods  of  preparation  has 
been  shown  in  bulletins  simultaneously  written  on  the  growth  of 
spring  wheat,  oats,  and  barley  in  the  Great  Plains  area.  In  these 
publications  it  has  been  shown  that  the  crops  following  com  have 
consistently  given  high  yields  as  compared  with  other  methods  of 
preparing  a  seed  bed  for  these  crops.  In  many  cases  the  highest 
yields  of  smaU  grain  have  been  obtained  on  disked  com  ground.  In 
many  other  cases  where  disked  corn  ground  has  not  been  productive 
of  the  highest  yields,  it  has  so  nearly  approached  them  that  when  the 
cost  of  preparation  is  considered  it  is  found  to  be  productive  of  the 
greatest  profit.  This  has  attached  so  much  importance  to  the  com 
crop  that  it  appears  to  be  desirable  to  present  the  actual  data  on  the 
production  of  corn  in  the  different  years  at  the  different  stations  and 
under  different  methods  of  cultivation  and  preparation  for  the  crop. 

While  corn  in  most  cases  has  been  grown  in  preparing  for  other 
crops  and  in  cropping  systems  primarily  arranged  for  the  growth 
of  other  crops,  the  necessity  for  studying  methods  of  producing 
the  crop  itscM  has  not  been  overlooked.  In  general  terms,  com 
has  been  grown  by  different  methods  under  a  system  of  continuous 
cropping.  It  has  been  grown  at  some  stations  in  2-year  rotations 
of  alternate  com  and  wheat  and  corn  and  oats.  It  has  been  grown 
in  3-year  rotations  where  the  other  two  crops  were  wheat  and  oats 
or  barley  and  oats.  It  has  been  grown  in  4-year  rotations  with 
small  grains  and  fallow  or  the  use  of  green  manure.  It  has  also 
been  raised  as  the  second  crop  from  the  sod  in  sod  rotations.  In 
some  of  the  rotations  manure  has  been  applied  before  plowing  the 
ground  for  corn. 

.  Some  of  the  rotations  are  calculated  to  conserve  or  increase  the 
fertility  of  the  soil,  while  others  may  perhaps  deplete  it.  In  the 
present  stage  of  the  work  the  effects  of  the  rotations  as  units  are 
greatly  overshadowed  by  the  effects  of  the  cropping  and  cultivation 
for  a  single  year.    This  is  due  to  the  fact  that  the  controlling  factors 
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The  altitudes  vary  from  approximately  1,400  feet  in  the  north 
to  6,000  feet  at  Cheyemie,  Wyo.  The  southern  portion  of  the  terri- 
tory has  a  higher  average  altitude,  a  higher  average  rainfall,  and  a 
correspondingly  higher  rate  of  evaporation  than  the  northern  portion. 

CLIMATIC  CONDmONS. 

The  climate  of  the  Great  Plains  has  been  classified  as  semiarid. 
It  may  bo  better  to  say  that  it  is  changeable,  varying  from  season 
to  season  from  almost  humid  conditions  to  almost  arid,  with  a  mean 
annual  precipitation  relatively  low.  Years  of  relatively  high  pre- 
cipitation may  be  followed  by  years  of  relatively  low  pre€ipitation. 
Other  cUmatic  factors  usually  correspond  with  the  rainfall.  A 
year  of  relatively  high  rainfall  will  have  a  lower  rate  of  evaporation, 
higher  humidity,  and  lower  wind  velocity  than  will  be  found  in  the 
imfavorable  years. 

Another  climatic  factor  of  much  importance  in  crop  production 
in  the  Great  Plains  is  the  distribution  of  the  rainfall.  A  relatively 
low  rainfall,  properly  distributed,  may  produce  a  crop  where  a 
much  higher  rainfall,  coining  with  unfavorable  distribution,  may 
result  in  a  crop  failure. 

No  attempt  wiU  be  made  in  this  bulletin  to  give  a  full  description 
or  record  of  the  cUmatic  conditions  at  the  various  stations  during 
the  time  covered  by  these  investigations. 

Table  I  gives  the  maximum,  minimum,  and  average  annual  and 
seasonal  precipitation  and  seasonal  evaporation  at  each  station  for 
the  years  for  which  experimental  work  is  here  reported.  By  seasonal 
is  meant  the  period  between  the  average  time  of  seeding  and  the 
average  time  of  harvesting. 

Table  I. — Annual  and  seasonal  precipitation  and  seasonal  evaporation  at  fourteen 

stations  in  the  Great  Plains  area.^ 


Station. 


Judith  Basin., 

Huntley 

WiUiston 

Dickinson 

Edgeley 

Hettinger 

Belle  tourche. 
ScottsblulT.... 
North  Platte.. 

Akron 

Haj^ 

Garden  Citv . . 

Dalhart 

Amarillo 


Alti- 
tude 
(feet).3 


4,228 
3,000 
lp875 
2,543 
1,468 
2,2.=)3 
2,950 
3,950 
3,000 
4,fiOO 
2,050 
2,900 
4,000 
3,676 


Proolpitation  (inches).' 


Annual. 


Mini- 
mum. 


14.96 
11.92 
10.28 
11.93 
11.  »4 
12.72 
6.ai 
13.77 
11.18 
14.51 
15.59 
11.82 
13.69 
10.69 


Maxi- 
mum. 


23.78 
11.92 
18.99 
21.22 
21.95 
15.68 
17.  73 
18.51 
23.01 
22.46 
27.80 
23.58 
16.35 
27.80 


Aver- 
age. 


18.06 
11.92 
14.84 
16.69 
16.71 
14.20 
13.11 
16.14 
18.05 
18.28 
21.30 
18.54 
15.11 
18.28 


SeasonaL 


Mini- 
mum. 


Maxi- 
mum. 


7.04 
5.92 
4.75 
6.85 
7.85 
8.92 
4.08 
2.53 
6.85 
6.42 
8.18 
2.79 
5.09 
6.17 


17.21 
6.02 
14.49 
16.28 
14.98 
12.47 
9.78 
8.52 
12.66 
13.86 
17.97 
14.43 
9.85 
11.38 


Avei^ 
age. 


9.34 
6.97 
9.66 
9.79 
10.11 
10.36 
6.90 
4.69 
9.46 
9.02 
11.17 
8.66 
8.01 
9.13 


Seasonal  evaporation 
(inches).' 


Mini- 
mum. 


22.012 
23.754 
20.422 
20.673 
18.663 
21.539 
26.472 
23.804 
28.445 
26.064 
30.625 
34.325 
35.459 
33.804 


Maxi- 
mum. 


29.853 
24.214 
20.877 
25.745 
24.883 
28.239 
33.750 
20.381 
38.168 
35.654 
44.373 
43.510 
41.748 
42.076 


Aver- 


24.491 
23.984 
24.216 
23.919 
21.806 
24.639 
28.794 
26.081 
32.359 
81.420 
35. 7« 
88.185 


8S.721 


1  The  years  covered  are  the  same  as  for  the  data  shown  in  the  other  tables  fbr  the  several  stations. 

<  The  altitude  given  is  for  the  field  where  the  work  was  done  and  is  based  In  most  cases  on  that  of  the 
nearest  town. 

>  The  records  of  annual  precipitation  for  1914  are  not  included.  The  records  of  seasonal  prec^tatioD 
and  evaporation  for  1914  are  included  for  all  stations,  being  figured  from  May  1  to  Sept.  1.  Era^ 
oration  measurements  are  made  from  a  free  water  surface,  in  a  tank,  sunlc  into  the  soil  to  almost  its  foil 
depth.   The  water  surface  is  kept  about  level  with  the  surface  of  the  groozid. 
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In  these  investigations  seasonal  variations  in  climatic  factors  have 
been  of  more  importance  in  crop  production  than  differences  in 
methods  of  tillage.  This  is  shown  by  the  fact  that  at  some  stations 
in  some  years  climatic  conditions  have  been  such  that  all  methods  have 
resulted  in  practical  failures  in  yields.  In  other  years  all  methods 
have  given  fair  returns. 

Figure  2  shows  the  earhest  and  latest  dates  of  the  last  killing  frost 
in  the  spring;  the  earhest  and  latest  dates  of  the  first  killing  frost  in  the 
fall,  and  the  average  length  of  the  frost-free  period  at  each  station. 
The  heavy  hatched  horizontal  bars  represent  the  periods  between  the 
average  dates  of  the  last  killing  frost  in  the  spring  and  the  first  killing 
frost  in  the  fall,  or  the  average  frost-free  period,  the  actual  number  of 
days  being  also  shown.  The  soUd-line  curve  at  the  left  shows  the 
earliest  date  at  which  the  frost-free  period  has  begim.     The  broken- 


FiQ.  2.— Diagram  showing  the  average  frost-lree  periods  and  the  earliest  and  the  latest  dates  at  which 
the  last  killing  frost  in  the  spring  and  the  first  killing  frost  in  the  liall  has  occurred  at  fourteen  stations 
in  thfr  Great  Plains  area. 

line  curve  at  the  left  represents  the  latest  date  at  which  the  last  killing 
frost  of  the  spring  has  occurred.  The  soUd-line  curve  at  the  right 
represents  the  earliest  date  and  the  broken-line  curve  at  the  right  the 
latest  date  at  which  the  first  killing  frost  of  the  fall  has  occurred. 

This  diagram  shows  clearly  the  increase  in  the  length  of  the  frost- 
free  period  from  the  north  to  the  south.  The  shortest  average  frost- 
free  period  is  100  days  at  Hettinger  and  the  longest  one  194  days  at 
Amarillo.  The  length  of  the  period  free  from  frost  is  more  important 
in  the  production  of  com  than  in  the  production  of  the  small  grains. 
Young  com  being  easily  injured  by  frost,  planting  must  be  delayed 
imtil  there  is  little  further  danger  from  this  source.  Where  the 
season  is  short  the  crop  may  be  caught  by  frost  in  the  fall.  This 
necessitates  the  use  of  short-season  varieties  in  a  portion  of  the  Great 
Plains.    As  a  season  of  average  length  can  not  be  depended  on,  the 
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and  summer  tilled  so  that  each  year  a  crop  is  grown  after  summer 
tillage  and  a  plat  is  summer  tilled  for  cropping  the  next  year.  The 
remainder  of  the  field  is  in  rotations  in  which  each  plat  is  known  by 
a  rotation  number  and  letter.  On  the  field  diagram  the  separation 
of  rotations  is  indicated  by  heavy  lines.  The  movement  of  the  crops 
in  the  rotation  is  from  Z  to  A,  and  from  A  back  to  the  letter  that 
marks  the  other  end  of  the  rotation. 

In  figure  3  the  diagram  is  filled  out  to  show  the  cropping  in  1914. 
The  letters  following  the  crop  indicate  the  treatment  given  the 
groimd  in  preparation  for  the  crop:  SP.  stands  for  spring  plowed, 
FP.  for  fall  plowed,  Fal.  for  summer  tilled,  GM.  for  green  manured, 
D.  for  disked,  etc. 

As  an  illustration,  rotation  14  may  be  used:  In  1914,  plat  A  of  this 
4-year  rotation  was  planted  to  com  on  spring-plowed  ground,  B  was 
in  wheat  on  disked  com  groimd,  and  C  was  in  winter  rye  after  fall 
plowing.  Plat  D  was  in  oats  where  winter  rye  had  been  turned  imder 
the  preceding  year.  In  1915,  A  will  be  in  wheat,  B  in  winter  rye,  C 
in  oats,  and  D  in  com. 

VABIETIES. 

In  these  investigations  no  attempt  was  made  to  grow  the  same 
variety  at  diflferent  stations.  The  aim  was  to  select  a  variety  well 
adapted  to  the  conditions  of  the  station  where  it  was  grown.  The 
same  variety  has  not  been  grown  at  any  station  during  the  entire 
period  of  the  investigations.  When  a  variety  was  obtained  that  was 
thought  to  be  better  adapted  to  local  conditions  than  the  one  pre- 
viously grown,  a  change  was  made. 

At  most  of  the  stations,  early-maturing  varieties  have  been  used. 
In  the  northern  part  of  the  area  the  growing  season  is  so  short  that 
only  very  early  varieties  are  at  all  safe.  Increasing  altitude  with  its 
correspondingly  cooler  nights,  or  decreasing  water  supply,  has  much 
the  same  effect  as  increasing  latitude.  At  Hays,  North  Platte,  and 
Amarillo  varieties  are  grown  that  are  somewhat  larger  and  later 
maturing  than  those  grown  at  the  other  stations. 

DETERMINATION  OF  YIELDS. 

The  com  is  harvested  either  when  mature  or  when  growth  is 
stopped  by  frost.  It  is  cut  with  a  binder  and  shocked  in  the  field. 
The  shocks  stand  until  cured,  usually  about  a  month.  They  are  then 
weighed  and  the  soxmd  com,  if  any,  is  husked  and  weighed.  Where 
sound  com  is  produced,  the  yield  as  tabulated  is  given  in  bushels  in 
the  column  headed  "Grain.*'  The  column  headed  ''Stover"  ^  shows 
the  total  weight  when  no  grain  is  produced  and  the  difference  be- 

1  In  the  tables  of  this  bulletin  only  the  term  "stover''  is  used,  because  the  com  was  husked  whenever 
marketable  or  whenever  it  was  produced  in  sufficient  quantity  to  warrant  husking.  In  cases  where  the 
yield  of  grain  was  not  sufficient  to  warrant  husking  the  term  "fodder''  would  be  more  exact. 
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plants  is  increased  until  in  some  cases  it  is  as  much  as  24  inches.  It 
seems  possible  that  this  distance  should  be  made  still  greater  at 
some  of  the  stations. 

SEED.BBD  PSEPARATION.' 

The  results  from  diflFerent  methods  have  been  tabulated  and  are 
here  presented  in  such  a  manner  as  to  show  the  effect  of  the  crop- 
ping or  cultivation  and  preparation  of  the  land  in  the  one  year 
prior  to  the  com  planting.  The  tables  show  the  effect  of  plowing 
for  com  both  in  the  spring  and  in  the  fall  and  after  both  com  and 
small  grain,  the  effects  of  listing  and  of  subsoiling  where  these  have 
been  tried,  and  the  effect  of  summer  tillage. 

In  the  tables  as  presented,  the  yields  reported  in  the  columns 
headed  "Spring  plowed,  after  com"  are  from  plat  A,  continuously 
cropped  to  com.  This  plat  is  shallow  spring  plowed  and  is  given  a 
Tninimum  of  cultivation. 

The  yields  reported  in  the  columns  headed  ''Fall  plowed,  after 
com"  are  from  plats  continuously  cropped  to  com  imder  a  system 
of  fall  plowing  and  cultivation  for  the  conservation  of  water  both  in 
the  fall  and  in  the  spring.  Fall  plowing  is  done  as  early  as  prac- 
ticable. It  is  done  to  a  good  depth,  the  standard  being  set  at  8 
inches.  The  ground  after  plowing  may  be  worked  down  or  left 
rough  through  the  winter,  as  seems  advisable.  This  plat  at  each 
station  is  generally  known  in  this  work  as  continuous-corn  plat  B. 

The  yields  reported  after  siunmer  tillage  are  from  two  plats  alter- 
nately siunmer  tilled  and  cropped  to  com.  One  of  the  pair  is  in 
com  and  the  other  is  summer  tilled  each  year.  These  are  the  plats 
generally  known  as  C  and  D  in  the  continuous-corn  series.  Summer 
tillage  is  of  the  intensive  type.  The  land  lies  fallow  one  year  and 
imta  planting  time  the  following  year.  In  so  far  as  it  is  practicable 
to  do  so  the  plat  is  kept  free  from  weeds  and  a  mulch  is  maintained 
on  it  during  the  period  between  the  time  of  harvesting  the  preceding 
crop  and  the  time  of  planting  the  com.  This  period  in  some  cases  is 
as  long  as  18  months.  In  some  cases  it  is  necessary  to  plow  the  land 
more  than  once  during  this  period,  either  to  maintain  a  surface 
receptive  to  water  and  that  will  resist  blowing  or  to  prevent  the 
growth  of  weeds.  The  long  period  of  summer  tillage,  involving  the 
nonproduction  of  a  crop  for  one  year,  together  with  the  intensive 
methods  practiced,  have  made  this  an  expensive  system  of  treatment. 

The  subsoiled  plat  is  continuously  cropped  to  com.  It  is  handled 
the  same  as  plat  B  except  that  at  the  time  of  plowing  it  is  subsoiled. 
A  depth  of  about  14  inches  is  usually  reached.  Where  the  history  of 
the  station  is  sufficiently  long  for  it  to  have  been  accompUshed,  it 
has  been  subsoiled  two  years  in  succession.  Subsoiling  was  then 
suspended  for  two  years  and  then  resumed.  The  plat  is  known  as 
E  in  the  continuous-corn  series. 
87563*^— Bull.  219—15 2 
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tions  obviously  varies  with  soils  and  other  conditions.  The  average 
shown  in  Table  II  has  been  determined  from  the  actual  experience 
of  a  large  number  of  men  connected  with  these  investigations — 
eLx:j>erience  that  has  extended  over  a  wide  range  of  conditions  and 
many  years  of  time. 

The  factors  included  in  the  cost  of  production  are  calculated  on 
an  acre  basis  for  each  of  the  separate  operations  performed,  b^in- 
Tting  with  the  preparation  of  the  land  and  ending  with  the  harvesting 
and  shocking  of  the  crop.  To  these  items  are  added  the  cost  of 
seed,  at  22  cents  per  acre;  interest  and  taxes  on  the  land  investment, 
calculated  at  8  per  cent  on  a  valuation  of  $20  per  acre;  and  the 
deterioration  and  repairs  of  the  binder,  at  15  cents  per  acre.  No 
allowance  is  made  for  the  deterioration  of  other  farm  equipment,  as 
it  is  beUeved  that  the  wages  assigned  for  men  and  teams  are  sufficient 
to  cover  this  item  of  expense. 

Table  II. — Average  cost  per  acre  of  the  farm  operations  involved  in  growing  com  in  the 

Great  Plains  area, 

[The  wage  scale  assumed  is  12  per  day  for  each  man  and  $1  per  day  for  each  horse.] 


Operation. 


Force  em- 
ployed. 


Ifen.     Horses. 


Day's 
work. 


Item 
cost. 


Cost 
per 
acre. 


Pknrfng 

Disking.. 

Harrowing 

Suhsofling 

Drilling 

Oiltivating 

Listing 

Harvesttaig: 

Catting  and  binding. .. . 

Shockmg 

Twine 

Binder  wear  and  repair. 


Aeret. 

I* 

36 
3} 
15 
16 
10 

8 


10.62} 
.50 
.221 
.15 


$1.71 
.75 
.17 
1.43 
.40 
.38 
.60 


1.50 


Table  II  shows  the  cost  per  acre,  based  upon  what  is  considered 
an  average  day^s  work  for  each  of  the  farm  operations  involved,  at 
the  above-mentioned  wage.  The  cost  of  production  as  computed 
in  Tables  II  and  IV  is  not  offered  as  being  absolute  for  any  locality, 
either  in  the  amoimt  of  labor  required  or  its  cost.  It  is  recognized 
that  the  labor  cost  will  vary  with  individuality  and  conditions.  The 
cost  of  twine  to  bind  an  acre  of  com  obviously  varies  with  the  char- 
acter of  the  crop.  The  assumed  land  value  would  be  too  low  for 
many  sections  of  the  Plains.  The  estimated  cost  used  in  the  table 
would  be  low  for  even  an  average  crop  in  sections  where  heavy 
yields  are  obtained.  Recognizing  these  and  other  possible  variations, 
the  cost  shown  in  the  tables  is  used  simply  to  give  a  working  basis 
for  the  comparison  of  the  results  by  different  methods. 
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T^BLB  IV. — Comparative  cost  per  acre  of  producing  com  by  different  methodu.^ 
[Averages  of  dstm  from  eight  stations.] 


Method  ofprepara- 

tlOBU 


Usted 

8nrln|f  plowed. . 

Kail  plowed 

Sobsoiled 

Sommer  tilled. . 


Number  of  operotioiis. 


1 
1 
1 
1.4 


1 

1.4 

1.4 

1.4 

8.3 


1 

.6 
1.1 
1.1 
3 


0.5 


10.92 
2.40 
2.78 
3.47 
6.05 


Cost  per  acre. 


10.22 
.22 
.22 
.22 
.22 


10.60 
.26 
.25 
.25 
.25 


11.14 
1.14 
1.14 
1.14 
1.14 


$1.50  $1.60 


1.50 
1.50 
1.50 
1.50 


1.60 
1.60 
1.60 
3.20 


Total  cost  of  pro- 
duction. 


5.98 
7.11 
7.49 
8.18 
12.36 


m 


1.50 
1.78 
1.87 
2.05 
3.09 


15 

17.8 

18.7 

20.5 

30.9 


1  This  cost  does  not  include  an  estimate  of  the  cost  of  husking  and  cribbing. 
>  The  cost  of  cultivation  is  based  on  three  cultivations. 

RESULTS  AT  INDIVIDUAL  STATIONS. 

Tables  V  to  XVII,  inclusive,  present  for  each  station  the  results  of 
diflFerent  methods  of  seed-bed  preparation  for  com.     Each  table  pre- 
sents the  results  for  a  single  station.     Except  at  stations  where  no 
grain  was  produced,  the  yields  of  both  grain  and  stover  by  each  of  the 
methods  studied  are  given  for  each  year.     The  average  yield  of  both 
grain  and  stover  is  also  given  for  the  entire  period  of  years  under 
study.    The  value  of  each  of  these  is  computed  separately  and 
shown.     In  the  line  designated  "Total  value"  the  combined  value  of 
both  grain  and  stover  is  given.     In  the  line  designated  ''Cost "  is  given 
for  each  method  of  tillage  the  cost  of  production  as  determined  in 
accordance  with  the  explanation  already  made.     In  the  last  line  of . 
the  table  is  given  the  profit  or  loss  by  each  method  as  shown  by  the 
foregoing  determinations.    This  is  not  given  as  being  absolute,  but 
is  shown  as  a  basis  for  the  comparison  of  different  methods  of  pro- 
ducing the  com  crop  and  for  comparing  the  production  of  corn  with 
other  crops. 

JUDrTH   BASIN  FIELD  STATION. 

Dining  the  five  years  covered  by  the  records  of  the  field  station  at 
Moccasin,  Mont.,  in  the  Judith  Basin,  good  average  yields  of  com 
fodder  have  been  produced.  No  marketable  grain  has  been  obtained. 
The  season  is  so  short,  and  at  this  altitude  so  much  cool  weather  pre- 
vails, that  com  does  not  ordinarily  reach  maturity.  The  growing  of 
com  at  this  station  is  to  be  considered,  therefore,  from  the  standpoint 
of  the  production  of  fodder  rather  than  of  grain.  Its  value  lies  in  the 
possibility  of  increasing  the  number  of  live  stock  kept  on  the  farm 
rather  than  in  its  production  as  a  cash  market  crop.  The  com  at  this 
station  does  not  grow  tall  and  coarse.  It  is  so  short  that  it  can  be 
harvested  with  a  grain  binder,  and  it  has  a  large  proportion  of  leaves 
to  the  Btalki  so  that  it  makes  excellent  feed. 


Digitized  by 


Google 


Digitized  by 


Google 


COEN  IN  THE  GEEAT  PLAINS  AKEA. 


15 


quite  consistent.  In  1914  the  subsoiled  ground  apparently  lacked 
^water  to  mature  its  crop.  Greater  differences  have  been  manifested 
in  the  yields  of  grain  than  in  those  of  stover. 

Table  VI.—  Yields  and  cost  of  production  of  com  by  different  methods  at  the  Huntley 
Field  Station  in  1913  and  1914. 


Yields,  values,  etc. 
(average  per  acre). 


Fall  plowed. 


After 

com 

(1  plat). 


After 

small 

grain 

(6  plats). 


Spring  plowed. 


After 

com 

(1  plat). 


After 
small 


(16  plats). 


Subsoiled, 

after 

com 

(1  plat). 


Listed, 
after 
com 

(1  plat). 


Summer 

tilled 
(1  plat). 


I 


Yields: 

1913 

1914 

Average. 

Value 

Total  value. . . 
COBt 

Profit... 


Bu. 
14.8 
13.2 


Lbs. 
1.400 
1,3(K) 


Bu. 
19.6 
19.2 


Lbs. 
1,350 
1,643 


Bu 

24.4 

19.2 


Lbs. 
1,250 
1,500 


Bu.  Lbs. 
28.81,553 
22.91,707 


Bu. 
25.7 
13.9 


Lbs. 
2,300 
1,590 


Bu. 
30.1 
22.5 


Lbs. 
1,300 
1,910 


Bu. 
27.2 
25.0 


Lbs. 
1,900 
1,490 


1,380  19.4 


1,497 


21.8 


1,375 


25.211,654 


19.8 


1,945 


26.3 


1.605 


$5. 60K2.76  <7.76lS2. 99  $8. 72112. 75 


SIO.0813.31 


S7.92I3.89 


$10.5213.21 


.1 

S10.44 


1,695 


$8.36 
7.49 


$10. 75 
7.49 


$11.47 
7.11 


$13.39 
7.11 


$11.81 
8.18 


$13.73 
5.98 


$13.83 
12.36 


.87 


3.26 


4.36 


6.28 


7.75 


1.47 


Particularly  in  the  production  of  grain,  spring  plowing  has  been 
markedly  better  than  fall  plowing.  After  both  fall  and  spring  plow- 
ing the  yield  has  been  better  following  small  grain  than  following  com. 
Subsoihng  for  this  crop  has  been  done  only  on  ground  continuously 
cropped  to  com.  The  yield  by  this  method  in  1914  was  the  lowest 
of  any  except  by  the  fall  plowing  of  similar  groimd. 

Slightly  higher  yields  than  by  any  other  method  have  been  obtained 
by  listing  on  groimd  continuously  cropped  to  com.  Com  following 
summer  tillage  has  been  productive  of  crops  practically  equal  to  those 
on  listed  com  groimd.  On  the  whole,  there  is  little  choice  to  be  made 
from  so  short  a  record  between  the  yields  on  summer-tilled  land,  listed 
com  groimd,  and  spring-plowed  grain  stubble. 

Profits  ranging  from  87  cents  (by  fall  plowing  after  com  and  $1.47 
by  summer  tillage)  to  $6.28  (by  spring  plowing  after  small  grains 
and  $7.75  by  listing  after  com)  have  been  realized.  All  methods 
except  fall  plowing  after  corn,  subsoiling  after  com,  and  summer 
tillage  have  shown  a  profit  from  the  grain  crop  alone. 

WnXISTON  FIELD  STATION. 

The  results  of  five  years  at  WiUiston,  N.  Dak.,  are  available  for 
study  and  are  shown  in  Table  VII.  In  only  two  of  these  years  has 
mature  com  been  produced.  In  each  of  these  years  the  yield  has 
been  very  good.    The  yields  of  stover  in  1 91 2  are  exceptionally  high — 
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BELLE  FOUBCHB  FIELD  STATION. 

Table  X  presents  the  results  of  the  work  of  six  years  with  com  in 
rotations  and  under  varying  tillage  methods  at  Belle  Fourche,  S. 
Dak.  In  one  year,  1911,  extreme  drought  caused  a  failure  of  all 
methods  under  trial.  In  three  of  the  six  years  grain  was  produced  by 
aU  methods.  In  the  other  two  years  all  methods  produced  fodder, 
but  grain  was  produced  only  upon  land  which  was  summer  tilled  the 
previous  year. 

Tablb  X. —  Yields  and  cost  of  production  of  com  by  different  methods  at  the  Belle  Fourche 
Field  Station,  1909  to  1914,  inclusive. 


Yields,  values,  etc.  (average 
per  acre). 


Fall  plowed. 


After 

com 

(1  plat). 


After 

small 

grain 

(4  plats). 


Spring  plowed. 


After 

com 

(iplat). 


00 


After 

small 

grain 

(17plats), 


Sub- 
soiled, 
after 
com 
(iplat). 


Listed, 
after 
com 

(1  plat). 


Summer 

tlUed 
(1  plat). 


OQ 


TieMs: 

1909 

1910 

1911 

1912 

1913 

1914 

Average 

Value 

Total  value 

Cost 

Profit  or  loss 


Bu. 


Lb8. 


23.55,310 


Bu. 


LhB. 


0 
0 

29.7 
6.5 
0 


2,760 
0 
3,250 
1,060 
1,350 


19.4  3,366 


0 
0 
21.7 

7.8 
0 


1,705 

0 

2,875 

985 

1,000 


Bu. 
24.4 

0 

0 
26.4 

7.8 

0 


Lbi. 
4,560 
3,560 
0 
2,700 
900 
1,150 


Bu. 


Lb$. 


18.32,891 


.1 
0 

20.2 
8.0 
0 


3,014 

0 

2,515 

995 

1,035 


Bu. 
20.8 

0 

0 
26.3 

9.4 

0 


Lb8.   Bu. 

4,00024.8 


3,140 
0 
3,100 
1,060 
1,450 


10.02,288 


8.1 
S4.00i»4.58|«3T24 


1,655 


3183. 


2,145 
S4.29 


7.8 
13712 


1,742 

$3.48 


9.4  2,125 


13. 76  $4. 25 


J8.58 
7.49 


$6.55 
7.49 


S8.21 
7.11 


16.60 
7.11 


$8.01 
8.18 


1.09 


-  .94 


1.10 


-  .51 


-  .17 


0 
0 

27.5 
9.7 
0 


Lb». 
4,575 
3,800 
0 
2,150 
800 
1,450 


Bu. 
20.8 
14.8 
0 

28.4 
23.6 
14.2 


Lh9. 
4,860 
2,500 
0 

2,750 

960 

2,000 


10.3 


2,129 


17.0 


$4.12 


$4. 26  $6. 80 


2,178 
$4.36 


$8.38 
5.98 


$11. 16 
12.36 


2.40 


-1.20 


Com  after  corn  produced  more  grain  and  more  stover  than  com 
after  small  grain.  Little  diflference  is  shown  in  the  yields  by  spring 
plowing  and  by  fall  plowing.  Each  of  these  methods  has  been  tried 
after  both  com  and  small  grain. 

Subsoiling  was  practiced  on  land  continuously  cropped  to  com.  It 
produced  yields  practically  the  same  as  similarly  cropped  land  plowed 
either  in  the  spring  or  fall  without  subsoiling. 

Planting  with  the  lister  on  land  continuously  cropped  to  com  pro- 
duced yields  practically  the  same  as  those  from  com  groimd  plowed 
and  surface  planted. 

The  highest  average  yield  of  grain  has  been  from  land  summer 
tilled  the  previous  year.  The  increase  in  the  average  comes  chiefly 
from  the  grain  produced  in  1910  and  1914,  when  other  methods 
failed,  and  to  its  increase  of  yield  over  other  methods  in  1913.  The 
yield  of  stover  from  this  method  does  not  show  an  increase  over  that 
following  the  several  methods  by  which  com  is  grown  following  com. 
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No  one  of  the  six  methods  other  than  summer  tillage  maintained  a 
position  as  either  the  best  or  poorest  throughout  the  three  years. 

The  greatest  profit,  $9.64  per  acre,  was  from  com  on  land  that  was 
summer  tilled  the  preceding  year.  A  profit  nearly  as  great,  $9.43 
per  acre,  was  realized  from  com  by  spring  plowing  following  small 
grain.  An  average  profit  of  $8.06  per  acre  was  realized  from  com  fol- 
lowing com  by  fall  plowing.  Subsoiling  after  com,  fall  plowing  after 
small  grain,  listing  after  com,  and  spring  plowing  after  com  show 
profits  ranging  from  $7.10  to  $7.88  per  acre. 

NOBTH  PLATTE  FIELD  STATION. 

The  results  of  eight  years  are  available  for  study  from  the  field  sta- 
tion at  North  Platte,  Nebr.  A  study  of  Table  XII  shows  that  this 
station  has  produced  four  good  crops  of  com.  In  two  other  years 
the  average  yields  were  low,  but  good  yields  were  produced  by  some 
methods.  In  the  remaining  two  years  some  com  was  produced  but 
not  enough  to  warrant  husking.  The  average  for  eight  years  shows 
that  there  is  very  little  choice  to  be  made  between  fall  and  spring 
plowing,  nor  were  wide  differences  manifested  in  the  results  by  these 
methods  in  any  of  the  years  comprising  the  series. 


Table  XII. —  Yields  and  cost  of 
PlatU  Fiel 


of  com  by  different  methods  at  the  North 
to  1914i  inclusive. 


FaU  plowed. 

Spring  plowed. 

Yields,  Tahies,  etc. 
(ayerage  per  acre). 

After  coma 
plat). 

After  small 
grain  (9  plats). 

After  com  (1 
plat). 

After  small 
grain  (9  plats). 

(iplat). 

1 

1 

i 

1 

1 

1 

1 

1 

1 

i 

1 

Yields: 

1907 

BU8h. 

27.7 
24.6 
3L6 

6.2 

0 
39.9 

0 
15.5 

Lbs, 
4,360 
2,660 
2,790 
2,500 
580 
2,330 
1,780 
2,060 

Btuh. 
19.0 
27.4 
26.1 

2.6 

0 
26.1 

0 

U>8. 
4,529 
3,143 
2,854 
1,200 
755 
2,165 
1,540 
1)458 

Btuh. 
28.7 
38.6 
29.0 

8.9 

0 
34.1 

0 

8,5 

Lb9. 
4,680 
3,250 
2,470 
2,440 
980 
2,340 
1,740 
1,600 

BU9h. 

19.9 
24.0 
25.8 

5.8 

0 
26.0 

0 

3.2 

Lbs, 
4,609 
8,463 
2,613 
1,633 
746 
2,734 
1503 
1,156 

Bush. 
17.9 
38.2 
28.0 
21.9 
0 

35.1 
0 
27.9 

Lbs. 
4,920 

1908. 

3,530 

1900 

2,300 

1910 

3,300 

1911 

930 

1912 

2,340 

1913 

2,240 

1914 

2,130 

Avera^ 

18.2 

2,383 

13.3 

2,143 

18.5 

2,438 

13.2 

2,307 

20.8 

2,711 

Value 

$7.28 

$4.77 

$5.32 

$4.29 

$7.40 

$4.88 

$5.28 

$4.61 

$8.32 

$5.42 

Total  Tahie 

$12.05 
7.49 

$9.61 
7.49 

$12.28 
7.11 

$9.89 
7.11 

$13.74 

Coat 

12.36 

Ftofit 

4.56 

2.12 

5.17 

2.78 

1.38 

From  differences  in  crop  sequence  marked  results  have  been 
obtcdned.  Com  grown  continuously  on  the  same  land  has  averaged 
about  5  busheb  per  acre  more  by  both  fall  and  spring  plowing  than 
when  grown  on  small-grain  stubble.     The  average  increase  in  yield 
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cents  per  acre  on  land  which  was  summer  tilled  the  previous  year  to 
$5.43  by  spring  plowing  where  com  followed  com. 

Table  XIII. —  Yields  and  cost  of  'production  of  com  by  different  methods  at  the  Akron 
Field  Station,  1909  to  1914,  inclusive. 


Yields,  valaes,  etc. 
(ayenge  per  acre). 


Fall  plowed. 


After  corn 
(1  plat). 


After 

small 

grain 

(ifplats). 


Spring  plowed. 


After  com 
<lplat). 


After 

small 

grain 

(9  plats). 


Sub- 
soiled, 
after  com 
(iplat). 


Listed, 
after  com 
(2  plats). 


Summer 

tilled 
(Iplat). 


Yields:  Bu,  U». 

igOO 27.33,890 


1910. 
1911. 
1912. 
1913. 
1914. 


.^.verage.. 


Value. 


Total  value. 
Cost 


Profit. 


18.3 

0 
46.9 

9.9 
17.3 


1,640 
1,040 
3,040 
1,840 
2,300 


20.0 


Bu, 

24.6 

7.7 

6.4 

30.0 

.6 

0.3 


Lbt. 
2,424 

MTB 
2,"- 
1,010 
1,968 


Bu, 
30.0 
21.6 
1.3 
33.9 


Lbs. 
4,700 
1,840 
1,210 
2,500 


Bu. 


10.8 

.4 

31.0 

13.6|2;020     4.3 


15.9 


2,000 


Ui. 
2,499 
1,590 
.  776 
2,308 
1,476 


12.01,833 


Bu, 

32.8 

12.7 

0 
37.1 

4.3 
13.9 


Lbs. 
4,300 
1,490 
1,180 
2,440 
1,290 
1, 


Bu. 

26.1 

15.1 
1.4 

22.0 
9.0 
9.5 


Lbs. 
4,325 
1,000 
1,106 
2,060 
1,530 
1,760 


Bu. 


Lbs. 


26.03,190 


21.4 


1,350 


12.91,690 
33.62,500 


13.7 


2,410 


18.6  2,400 


2,292 


12.9 


1,709 


19.4 


2,388 


13.7 


1,746|  16.8 


2,113 


13.9 


1,962 


20.9 


2,257 


18.0094.68 


$6.16 


S3. 54 


$7.76 


$4.78 


$6.48 


$3.49 


$6.72 


$4.23 


$6.66 


$3.92 


$8.36 


$4.51 


$12.68 
7.49 


$8.70 
7.49 


$12.64 
7.11 


$8.97 
7.11 


$10.96 
8.18 


$9.48 
5.98 


$12.87 
12.36 


6.09 


1.21 


6.43 


1.86 


2.77 


3.60 


.61 


HAYS  FIELD  STATION. 

TaUe  XIV  presents  some  of  the  results  of  diflferent  methods  of 
growing  com  at  Hays,  Kans.  The  data  are  presented  for  only  six 
years.  In  1911  and  1913,  for  which  no  figures  are  given  in  the  table, 
there  would  have  been  yields  of  forage,  but  the  crop  while  suffering 
from  drought  was  destroyed  by  grasshoppers.  The  area  of  the  plats 
was  so  small  that  the  damage  from  the  insects  was  much  worse  than 
it  would  have  been  on  larger  fields.  The  surroimding  area  is  cropped 
chiefly  to  small  grains.  When  these  are  harvested,  the  grasshoppers 
move  from  the  stubble  into  the  corn  and  sorghums. 

Com  produced  an  average  of  a  Uttle  over  H  tons  of  fodder  and  5.5 
to  9.9  bushels  of  grain  per  acre.  Little  difference  is  exhibited  in  the 
yields  by  different  methods.  Such  differences  as  are  shown  are  not 
consistent  from  year  to  year.  While  the  crop  is  productive  of  a  good 
amount  of  feed  each  year,  it  appears  to  offer  Uttle  possibility  as  a 
grain  crop.  With  values  as  here  assigned  to  the  grain  and  forage 
the  crop  shows  a  small  profit  from  all  methods  except  summer  tillage, 
which  is  charged  with  an  average  loss  of  54  cents  per  acre.  The 
greatest  profits  were  by  listing  after  com  and  by  spring  plowing  after 
com.  These  show  average  annual  profits  of  $2.69  and  $2.67  per 
acre,  respectively. 
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No  grain  in  sufficient  quantity  to  husk  was  produced  in  any  year 
by  any  of  the  methods  under  trial.  The  only  material  diflference 
to  be  noted  in  the  yields  by  different  methods  is  the  increased  yield 
attending  the  growth  of  corn  on  land  which  was  summer  tilled  the 
previous  season.  The  method  of  simmier  tillage  gave  an  average 
yield  of  4,700  pounds  of  fodder  per  acre  for  the  three  years  that 
we^hts  were  obtained.  The  crop  produces  a  good  amoimt  of  feed, 
but  with  the  valuation  and  costs  as  here  assigned  it  has  been  grown 
at  small  losses,  ranging  from  34  cents  per  acre  by  listing  after  com  to 
$2.96  on  summer-tilled  land. 

DALHART  FIELD  STATION. 

Table  XVI  presents  data  obtained  in  the  growth  of  com  by  dif- 
ferent methods  at  Dalhart,  Tex.  The  results  of  the  work  of  six  years 
are  given.  In  three  of  the  six  years  grain  was  produced  by  all 
methods. 

Table  XVI. —  Yields  and  cost  of  production  of  com  by  different  methods  at  the  Dalhart 
Field  Station,  1909  to  1914y  inclusive. 


FaU  plowed. 

Spring  plowed. 

0«im 

Yields,  VBlries,  etc  (aver- 
age per  acre). 

Alter  com 
(1  plat). 

After  small 

grain  (12 

plats). 

After  com 
(1  plat). 

After  small 
grain  (7 
plats). 

Listed,  after 
com  (1  plat). 

tDled 
(I  plat). 

1 

OQ 

1 

CO 

1 

1 

1 

CQ 

1 

GQ 

1 

1 

Yfelds: 

1909 

0 

8.6 
0 

7.4 
0 
35.6 

1,000 
3,160 
4,000 
2,250 
2,000 
3,866 

Bu. 

0 

9.2 

0 
14.1 

0 
20.3 

Lb9. 
946 
2,947 
2,771 
2,779 
2,405 
3.566 

Bu. 

0 
15.1 

0 
10.5 

0 
81.6 

Lh9. 

700 
3,610 
4,000 
2,200 
2,150 
3,690 

0 
15.3 

0 

9.7 

0 
17.0 

Lh9. 

1,014 
2,914 
2,708 
2,751 
1,037 
3,256 

Bu. 

0 

25.6 
12.4 
21.0 

0 
25.1 

LU, 
2,250 
3,340 
2,350 
3,100 
1,750 
2,740 

Bu. 

0 
25.6 

2.8 
23.0 

0 
30.8 

LU. 
3,400 

1910 

4,110 

1911 

3,000 

1912 

3,300 

1913 

6,150 

1914 

3,440 

8.6 

2,711 

7.3 

2,569 

9.5 

2,726 

7.0 

2,280 

14.0 

2,588 

13.7 

3,900 

Value 

13.44 

$5.42 

^92 

$5.14 

13.80 

$5.45 

$2.80 

$4.56 

$5.60 

$5.18 

$6.48 

$7.80 

Total  valoe 

18.86 
7.49 

S8.06 
7.49 

19.25 
7.11 

$7.36 
7.11 

$10.78 
5.98 

$13.28 

Coet 

12.36 

Profit 

1.37 

.57 

2.14 

.M 

4.K0 

-02 

The  two  heaviest  yielding  methods  were  summer  tillage  and 
listing  after  com.  Between  the  grain  yields  by  these  two  methods 
there  is  little  difference,  but  in  the  yield  of  fodder  the  summer  tillage 
shows  a  marked  superiority.  Between  the  other  methods  little 
choice  is  to  be  made,  although  com  appears  to  yield  slightly  heavier 
after  com  than  after  small  grains  and  slightly  heavier  by  spring 
plowing  than  by  fall  plowing.  The  crop  was  produced  at  a  profit 
by  all  methods  under  trial.  The  net  profits  realized  range  from  25 
cents  per  acre  by  spring  plowing  after  small  grain  to  $2.14  by  spring 
plowing  after  com  and  $4.80  by  listing  after  com. 
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For  this  study,  Table  XVIII  has  been  compiled  from  the  data 
given  in  Tables  V  to  XVII,  inclusiye.  The  average  yields  of  com  by 
each  method  and  the  profits  or  losses  attending  the  use  of  each 
method,  as  shown  in  the  detail  tables  for  the  several  stations,  are 
here  assranbled. 

Tabub  XVIII. — Comparison  of  the  average  yields  and  profit  or  loss  in  the  production 
of  com  by  different  methods  at  thirteen  field  stations  in  the  Great  Plains  area. 


Statonent  of  data. 


Methods  of  ti 


illage 


Fall  plowed. 


After 
com. 


After 
small 
grain. 


Spring  plowed. 


After 
com. 


OQ 


After 
small 
grain. 


Subsoiled, 
after 
com. 


TJsted, 
after 
com. 


Summer 
tilled. 


Yields  per  acre: 
Ju^h  Basin.. 

Hontky 

Wniiston 

Dickinson 

Edffdev 

Belle  Fourche. 

Soottsblnff 

North  Platte.. 

Akron 

Bays.. 

Garden  City... 

Dalhart 

Amarillo 


Bu 


14.0 
15.3 
19.9 


Us. 
6,744 
1,380 
6,542 
2,105 


Bu. 
'i9.'4 


Lb9. 
5,2751 
1,497 


7.03,039 
10.02,288 


12.87,143 
20.6  2,144 
8.23,201 


1,753 
2,383 
2,292 
3,226 
3,020 
8.62,711 
5.82,491 


18.2 
20.0 
6.2 


8.1 
24.5 
13.3 
12.9 

5.5 


1, 

2,516 

2,143 

1,769 

3,512 

2,768 

2,560 

2,301 


Bu. 

'2i.*8 
15.1 
21.5 
7.3 
9.8 
27.9 


Lbs. 
6,002 
1,375 
5,780 

3,129 
2,145 
1,913 


Bu. 

'25.*; 
14.1 
19.8 
8.4 


Lbs. 
5,193 
1,664 
6,537 
2,408 
3,245 


Bu. 


Lbs. 
6,130 
19.81,945 


Bu. 
'28.*3 


Lbs. 
5,962 
1,606 


Bu. 
*26.'l 


Lbs. 

5,656 

1,695 

17.615,924 


14.5 


1.8 


7.81,742 


18.5  2,438 


19.4 
6.1 


9.5 
5.1 


2, 

3,668 

3,047 

2,755 

1,921 


27.5 
13.2 
13.7 
6.9 


7.0 
4.3 


2,770 
2,307 
1,746 
3,290 
2,688 
2,280 
2,023 


9.4  2,125 
26.8  2,280 


10.3 
24.9 


2,120 
1,740 


16.8 
8.3 


2,113 
3,486 
3,363 


13.9 
6.2 


6.0 


2,481 


14.0 
7.0 


1,962 
3,093 
2,819 
2,588 
1,925 


6.82,926 
17.0  2,178 
39.03,200 
20.8  2,711 


20.9 
9.9 


13.7 
8.6 


2,257 
3,929 
4,700 
3,900 
3,037 


Avetage.. 


12.9  2,922 


11.5  2,961 


13.5  2,915 


12.12,914 


16.2.3,380 


Profit  or  loos  (— )  per  acre: 

Judith  Basin 

Hmitley 

Williston 

Dickinson 

Edceler 

BeueFoarche 

SoottsblnfT 

North  Platte 

Akron 

Bays... 

Garden  City 

Dalhart 

AnariUo 


S4.00 
.87 
9.71 
4.68 
1.38 
1.09 
8.06 
4.56 
5.09 
1.44 

-1.45 
1.37 

-  .19 


13.06 
3.26 

11.92 
5.04 
2.19 

-  .94 
7.34 
2.12 
1.21 
1.73 

-1.95 
.57 

-  .73 


$4.89 
4.36 
10.49 
6.21 
2.07 
1.10 
7.88 
5.17 
5.43 
2.67 

-1.02 
2.14 

-1.23 


13.28 

6.28 

11.60 

5.63 

2.74 

-  .51 

9.43 

2.78 

1.86 

2.23 

-1.73 

.25 

-1.34 


$4.06 
3.63 


$5.98 
7.75 


-  .17 
7.10 


2.40 
7.46 


2.77 

2.11 

-1.46 


-  .82 


3.50 

2.69 

-  .34 

4.80 

.67 


$-1.05 

1.47 

6.53 

-2.92 

-3.79 

-1.20 

9.64 

1.38 

.51 

-  .54 

-2.96 

.92 

-2.85 


Three  series  of  graphs  (figs.  4,  5,  and  6)  are  also  presented.  Figure 
4,  prepared  from  a  part  of  the  data  in  Table  XVII,  shows  in  graphic 
fonn  the  average  yields  of  grain  in  bushels  per  acre  at  each  station  for 
each  of  the  five  methods  studied  that  have  been  under  trial  at  all  of 
the  stations.  The  Judith  Basin  Field  Station  is  not  shown  in  this 
figure  for  the  reason  that  grain  was  neither  produced  nor  expected  at 
that  station  in  this  work.  Garden  City  is  also  omitted  because  the 
giuin  there  produced  was  insufficient  to  warrant  husking. 

Figure  5  is  a  graphic  presentation  of  the  yields  of  stover  as  shown 
in  Table  XVIII.  Like  figure  4,  it  includes  only  the  five  methods  that 
have  been  under  trial  at  all  stations. 
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Figure  5  presents  the  average  yields  of  fodder  at  each  of  the  stations. 
The  results  by  each  of  the  five  methods  that  have  been  under  trial  at 
all  stations  are  shown  separately. 

It  appears  that  the  yields  reported  from  the  Judith  Basin  Field 
Station  and  from  Williston  are  abnormally  high.    While  the  yields 
have  generally  been  good  at  these  stations,  it  is  doubtful  if  they  have 
been  as  much  higher  than  those  at  some  of  the  other  stations,  as  these 
figures  indicate.     It  is  probable  that  in  the  years  showing  excessively 
high  yields  the  crop 
has    not    been    well 
dried  at  the  time  of 
weighing. 

A  very  striking  fact 
brought  out  by  this 
graphic  showing  is  the 
uniformity  in  the 
amount  of  stover  or 
fodder  produced  by  all 
methods  at  the  sta^ 
tions  in  Montana  and 
North  Dakota.  So 
far  as  the  production 
of  rough  feed  is  con- 
cerned, there  appears 
very  little  difference 
on  which  to  base  a 
choice.  South  of 
North  Dakota  there 
is  a  general  agree- 
ment of  heavier 
yields  of  stover  or 
fodder  after  com  than 
after  small  grain,  ex- 
cept that  at  Scotts- 
bluff  the  yields  are 
heavier  after  small 
grain  than  after  com. 

Small  differences  in  stover  yields  are  to  be  noted  between  the  results 
following  spring  and  fall  plowing.  On  the  whole,  the  average  yields 
by  the  two  methods  are  almost  the  same. 

The  most  noticeable  effect  resulting  from  cultural  practice  is  the 
very  marked  increase  in  the  yield  of  stover  resulting  from  growing 
com  on  summer-tilled  land  at  the  more  southern  stations — Garden 
City,  Dalhart,  and  Amarillo.  Only  small  increases  in  yields  have 
attended  the  use  of  this  method  at  Scottsbluff,  North  Platte,  and  Hays. 


Fio.  5.— Graphs  showing  the  average  yields  of  com  stoyer  in  pounds 
per  acre  by  dlilerent  methods  at  thirteen  field  stations  in  the 
Great  Plains  area.  The  methods  of  tillage  are  indicated  by  Arabic 
numerals  at  the  top,  as  follows:  /,  Fall  plowing  after  com;  2,  fall 
plowing  after  small  grain;  S,  spring  plowing  after  com;  4t  spring 
plowing  after  small  grain;  6,  summer  tillage. 
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Subsoiling  has  not  markedly  affected  the  yields,  except  that  at 

Akron  it  has  decreased  them. 

Listing  has  materially  increased  the  yields  at  Huntley  and  at 

Dalhart.     At  the  other  stations  the  effect  has  not  been  marked. 
The  last  half  of  Table  XVIII,  illustrated  in  part  in  figure  6,  presents 

the  average  relative 
profits  and  losses  at- 
tending the  growth 
of  com  by  differ^it 
methods  at  each  of 
the  stations.  It  shows 
com  to  be  relatively 
much  less  profitable 
at  Belle  Fourche,  Gar- 
den City,  Dalhart, 
and  Amarillo  than  at 
the  other  stations. 

Scottsbluff  is  the 
only  station  where 
summer  tillage  as  a 
preparation  for  com 
has  proved  the  most 
profitable  method. 
At  most  of  the  sta- 
tions this  method  has 
been  the  least  profit- 
able. Its  use  has  re- 
sulted in  actual  loss 
at  the  stations  of  Ju- 
dith Basin,  Dickin- 
son, Edgeley,  BeUe 
Fourche,  Hays,  Gar- 
den City,  and  Ama- 
rillo. 

It  is  shown  very 
clearly  in  figure  6 
that  greater  profit  has 

been  realized  from  corn  after  com  than  from  com  after  small  grain 

at  Akron  and  North  Platte.     At  Huntley,  corn  after  small  grain  has 

been  more  profitable. 

Listing  has  been  tried  at  nine  stations.     Except  at  Scottsbluff  and 

Akron,  it  has  been  the  most  profitable  method  under  trial.     As  has 

been  pointed  out,  the  relative  profitableness  of  this  method  has  been 

largely  due  to  its  low  cost. 


HAys 

i— 

-^ 

s, 

Fig.  6.— Graphs  showing  the  average  profit  or  loss  in  dollars  per  acre 
by  different  methods  at  thirteen  field  stations  in  the  CJreat  Plains 
area.  The  methods  of  tillage  are  indicated  by  Arabic  numerals  at 
the  top,  as  follows:  /,  Fall  plowing  after  com;  f ,  fall  plowing  after 
small  grain;  5,  spring  plowing  after  com;  4,  spring  plowing  after 
small  gmhi;  .5,  summer  tillage. 
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A  careful  reading  of  the  data  given  in  the  table  will  show  that  com 
as  a  grain  or  cash  crop  can  not  be  profitably  grown  in  large  portions 
of  the  Great  Plains.  At  only  5  of  the  13  stations  have  the  grain 
yields  been  sufficiently  large  to  indicate  a  possibility  of  the  crop 
being  profitably  produced  for  the  grain  only.  At  Huntley,  Dickin- 
son, ScottsblujBf,  North  Platte,  and  Akron  enough  grain  was  pro- 
duced by  some  methods  to  pay  the  cost  of  production  and  show 
small  profits.  Taken  as  a  whole,  however,  the  data  show  that,  in 
order  to  realize  the  full  profit,  the  com  should  be  considered  as  a  feed 
crop.  To  pay  the  cost  of  production  in  many  sections,  it  is  neces- 
sary to  utilize  the  roughage  produced. 

CONCLUSIONS. 

(1)  No  one  method  of  seed-bed  preparation  is  essential  to  the  pro- 
duction of  com  in  the  Great  Plains. 

(2)  Differences  in  seed-bed  preparation,  other  than  smnmer  till- 
age, have  not  produced  wide  differences  in  grain  yields,  except  at 
Huntley,  Mont. 

(3)  Summer  tillage  has  slightly  increased  the  grain  yield  at  all 
except  three  stations  and  has  materially  increased  the  fodder  yields 
at  the  three  southern  stations.  The  increase  in  yields,  however,  has 
not  been  sufficient  to  make  it  the  most  profitable  method  at  any 
station  except  Scottsbluff. 

(4)  At  some  of  the  stations,  especially  at  North  Platte  and  Akron, 
crop  sequence  is  more  important  than  seed-bed  preparation  in  the 
production  of  com. 

(5)  At  8  of  the  13  stations  com  as  a  grain  crop  has  not  been  pro- 
duced at  a  profit  by  any  method. 

(6)  When  a  value  of  $4  per  ton  is  assigned  to  the  stover  or  fodder, 
com  has  been  profitably  grown  by  some  method  at  aU  but  one  of 
the  stations. 

(7)  The  response  to  differences  in  culture  and  crop  sequence  is 
greater  in  the  southern  and  central  portion  of  the  Great  Plains  than 
it  is  in  the  northern  portion. 
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INTRODUCTION. 

'  The  Office  of  Public  Roads  of  the  United  States  Department  of 
Agrictdtnre  made  an  exhibit  of  road  modeb  for  the  first  time  in  1909 
at  the  Alaska- Yukon-Pacific  Exposition.  The  aim  was  to  put  on 
view  such  striking  examples  in  miniature  of  model  roads  that  visitors 
would  not  only  appreciate  the  beneficent  effects  of  improved  roads 
but  would,  at  the  same  time,  be  able  to  understand  the  methods  of 
their  construction. 

Since  the  Alaska- Yukon-Pacific  Exposition  closed,  the  exhibit  of 
the  Office  of  Public  Roads  has  been  displayed  at  Omaha,  Nebr.,  dur- 
ing the  National  Com  Exposition;  at  Knoxville,  Tenn.,  during  the 
Southern  Appalachian  Exposition;  at  Chicago,  111.,  during  the 
National  Land  and  Irrigation  Exposition;  at  New  York  City  during 
the  Travel  and  Vacation  Exposition  and  the  Domestic  Science  Expo- 
sition; at  Atlantic  City,  N.  J.,  during  the  American  Road  Congress; 
at  Lethbridge,  Alberta,  during  the  International  Dry-Land  Congress; 
at  Buenos  Aires,  Argentina,  during  the  International  Agricultural 
Ebcposition;  at  Turin,  Italy,  during  the  International  Exposition; 

NoTK. — This  bulletin  contains  illustrations  and  descriptions  of  the  models  in  miniature  of  roads,  bridges, 
■Mi  culverts  and  of  road  machiner>'  exhibited  by  the  Office  of  Public  Roads  at  expositions  and  fairs  and 
on  n^boads.    Methods  of  construction  are  discussed. 
87538'— Bull.  220-15 1 
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and  at  various  other  expositions  and  fairs.  The  models  have  abo 
been  displayed  on  road  trains  at  all  important  places  along  the  route 
of  the  Pennsylvania  Railroad  in  the  State  of  Pennsylvania  and  along 
the  entire  system  of  the  Southern  Railroad,  also  along  the  St.  Louis 
&  San  Francisco  Railroad,  the  Atlantic  Coast  Line,  the  Nashville, 
Chattanooga  &  St.  Louis  Railroad,  and  the  New  York  Central  i 
Hudson  River  Railroad.  A  comprehensive  exhibit  of  these  models, 
illustrating  all  standard  types  of  construction,  has  been  installed  at 
the  Panama-Pacific  Exposition  in  San  Francisco,  Cal. 

The  models,  as  a  rule,  are  constructed  on  a  scale  of  1  inch  to  the 
foot,  so  that  each  model  is  one-twelfth  the  size  of  the  actual  road 
which  it  represents.  Modifications  of  the  methods  of  construction 
may  be  necessary  to  meet  local  conditions.  Advice  and  information 
relating  to  road  construction,  maintenance,  or  improvement  in  any 
section  of  the  country  may  be  obtained  upon  application  to  the 
Director  of  the  Ofiice  of  PubUc  Roads. 

The  descriptions  of  the  models  are  so  arranged  in  this  bulletin  as  to 
present  the  historic  development  of  road  building.  The  Roman  road 
is  described  first,  and  then  descriptions  are  given  successively  of  the 
French  roads,  after  the  ideas  of  the  Romans  and  of  Tr6saguet,  the 
roads  of  MacAdam  and  Telford,  and  finally  the  various  types  of 
modem  construction.  Among  the  latter  are  models  showing  brick, 
concrete,  asphalt-block,  macadam,  sand-clay,  gravel,  and  earth  roads. 
There  are  other  models  showing  the  processes  of  maintenance,  resur- 
facing, and  bituminous  macadam  construction  by  the  mixing  and 
penetration  methods.  One  model  shows  the  various  methods  of 
draining  and  strengthening  unstable  foundations,  while  another 
shows  a  typical  method  of  treating  gravel  or  macadam  roads  to  make 
them  dustless  and  to  prevent  their  disintegration  under  automobile 
traffic.  Two  models  recently  added  to  the  series  illustrate,  respec- 
tively, road  location  and  roadside  treatment. 

ROMAN  ROADS. 

The  Romans  began  building  roads  on  a  large  scale  more  than  300 
years  before  the  Christian  era.  The  Appian  Way,  one  of  the  most 
celebrated  of  their  roads,  was  begun  in  312  B.  C,  by  Appius  Claudius 
Ceecus.  This  road  led  from  Rome  to  Capua,  a  distance  of  142  Italian 
mUes.  It  was  later  continued  to  Brindisi,  making  the  total  distance 
360  miles.  Rome  continued  as  a  great  road-building  nation  for 
about  600  years,  and  fragments  of  some  of  its  roads  still  remain.  The 
Appian  Way  is  said  to  have  been  in  good  condition  more  than  800 
years  after  its  construction. 

The  Roman  construction  was  not  uniform,  though  always  extremely 
massive.     The  general  form  of  construction  employed  diunng  the 


Digitized  by 


Google 


ROAD   MODELS.  3 

reign  of  Caesar  Augustus,  when  Roman  road  building  seems  to  have 
reached  its  height,  was  a  massive  road  from  16  to  30  feet  wide,  from 
3  to  4  feet  thick,  and  laid  in  3  or  4  coiu*ses.  The  first  coiu*se  was 
almost  invariably  of  large,  flat,  field  or  quarry  stones  laid  on  the  earth 
subgrade,  except  in  swamps,  where  poles,  logs,  brush,  or  even  boards 
were  used  beneath  the  stone  course.  The  other  courses  varied 
extremely  with  the  available  material  and  the  period  and  importance 
of  the  road.  Either  small  stones,  with  and  without  mortar,  or  gravel, 
broken  brick,  tiles,  etc.,  were  used  for  the  second  and  third  courses. 
The  surface  or  wearing  coiu^e  consisted  of  weU-cut,  irregular,  close- 
fitting  polygonal  blocks  on  a  few  of  the  more  important  roads,  but 
more  often  it  consisted  of  uncut  stones,  not  unlike  oiu*  cobblestone 
pavements,  or  of  gravel,  and  in  some  cases  of  a  mixture  of  sand  and 
day  or  clay  and  gravel. 

Some  of  the  more  important  roads  near  Rome  were  practically 
lined  with  temples,  porticoes,  and  statues.  On  all  roads  inscribed 
milestones  were  placed  at  regular  intervals. 

Plate  II,  figure  1,  shows  a  model  of  the  Appian  Way.  This  is  the 
highest  type  of  road  constructed  by  the  Romans. 

Section  A  shows  the  contignatum  pavimentum,  composed  of  lime 

and  sand,  straw,  rushes,  or  reeds,  and  sometimes  laid  on  sills  or  boards. 

Section  B  shows  the  statumen,  or  foimdation,  composed  of  two 

courses  of  flat  stones  laid  dry  or  in  lime  mortar.     The  depth  of  this 

course  was  from  16  to  18  inches. 

Section  C  shows  the  nidus,  or  rubble,  composed  of  broken  stone 
mixed  with  lime  in  the  proportion  of  1  part  of  lime  to  3  parts  of  stone. 
Sometimes  the  material  was  taken  from  old  buildings.  This  course 
was  laid  from  6  to  9  inches  deep. 

Section  D  represents  the  nucleus,  composed  of  coarse  gravel  and 
lime  used  hot,  or  bricks,  potsherds,  or  broken  tile  mixed  with  Ume 
and  covered  with  a  thin  layer  of  lime  mortar. 

Section  E  shows  the  summa  crusta,  or  pavimentum,  consisting  of 
polygonal  blocks  joined  with  the  greatest  nicety.  This  course  was 
about  6  inches  deep  and  about  16  feet  wide. 

Section  F  indicates  the  curbs,  which  were  2  feet  wide  and  18  inches 
high,  with  mounting  blocks  as  shown  at  G.  These  blocks  also  served 
as  seats  for  travelers. 

Section  H  shows  a  side  road,  the  surface  of  which  was  composed  of 
gravel  flushed  with  mortar.     The  width  was  from  6  to  8  feet. 

FRENCH  ROADS. 

From  the  viewpoint  of  construction,  road  building  in  France  may 
be  divided  into  three  periods — the  period  of  Roman  influence,  the 
period  of  Trfeaguet,  and  the  modem  period. 
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FBENCH  CONSTRUCTION  PREVIOUS  TO  177S  (ROMAN  MKTHOD). 

By  the  time  that  road  buildmg  was  revived  in  France,  in  the 
seventeenth  century,  the  Roman  methods  of  road  building  had  been 
greatly  modified,  though  the  Roman  form,  especially  in  the  founda- 
tion, was  stiU  retained.  Under  the  ministry  of  C!olbert  (1660-1669) 
as  controller  general  of  finances,  about  15,000  miles  of  stone  roads 
were  built,  practically  all  with  an  imdrained  foundation  consisttng  <rf 
one  or  more  layers  of  large  flat  stones  placed  in  the  bottom  of  a 
trench-hke  excavation.  These  stones  were  then  covered  with  a  thick 
layer  of  more  or  less  finely  broken  stone.  As  no  systematic  main- 
tenance was  attempted,  the  roads  rutted  badly,  and  it  was  only  rarehr 
that  the  broken  stone  consoUdated  properly.  The  total  thickness  d 
the  roads  was  from  1 J  to  21  feet. 

Plate  II,  figure  2,  illustrates  the  type  of  road  constructed  in  Franoe 
previously  to  1775.    This  type  was  modeled  on  the  Roman  syst^n. 

Section  A  shows  the  earth  foundation,  which  was  flat. 

Section  B  represents  the  first  course.  This  course  was  composed  of 
flat  stones  laid  by  hand  in  two  or  more  layers.  The  total  width  of 
this  course  was  18  feet  and  the  depth  was  from  9  to  10  inches. 

Section  C  shows  the  second  course,  a  layer  of  small  st(Hies,  which 
were  broken  in  place  with  hand  hammers. 

Section  D  shows  the  finished  surface.  This  course  was  composed 
of  stones  broken  by  hand  into  sizes  smaller  than  the  underlying 
material.  It  was  left  to  be  consolidated  by  traffic.  The  total  thick- 
ness of  the  road  in  th©  center  was  from  18  to  20  inches  and  at  the  sides 
from  12  to  14  inches. 


TRESAGUET  METHOD. 


About  1775  a  form  of  construction,  supplemented  by  continual 
maintenance,  came  into  prominence  in  France.  It  had  long  been 
advocated  by  Pierre  Marie  J6r6me  Tr6saguet,  a  noted  French  engi- 
neer. He  held  that  good  drainage  and  systematic  maintenance  were 
absolutely  necessary  for  good  roads.  By  providing  a  properly 
crowned  and  drained  foundation,  he  reduced  the  required  thickness 
more  than  one-half  and  provided  a  better  and  more  serviceable  road. 
The  small  stones  were  broken  more  uniformly  and,  by  a  Uttle  atten- 
tion after  placing,  soon  bonded  under  the  traffic.  The  resulting  roads 
were  smooth  and  afforded  comfortable  traveling. 

Plate  III,  figure  1,  illustrates  the  type  of  road  constructed  in  Franoe 
by  Trfeaguet  from  1775  to  1830. 

Section  A  shows  the  earth  foundation  shaped  parallel  to  the  finished 
surface. 

Section  B  represents  the  first  course,  which  was  composed  of  flat 
stones  laid  on  edge  lengthwise  across  the  road  and  beaten  to  an  even 
surface.     The  depth  of  this  course  was  about  5  inches. 
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View  of  a  Train  Exhibit  from  the  Office  of  Public  Roads. 
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Fig.  1.— Model  Showing  the  Appian  Way  (300  B.  C). 


FiQ.  2.— Model  Showing  a  French  Road  Built  Before  1775  (Rqman  Method). 
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Fia  2.— Model  Showing  a  Macadam  Road  of  the  Type  Built  by  MacAdam  (1816). 
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Fig.  1.— Model  Showing  a  Telford  Road  of  the  Type  Built  by  Telford  (1820). 


Fig.  2.— Model  Showing  Location  and  Alignment;  Old  and  New  Roads. 
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Section  C  shows  the  second  course,  which  was  of  small  stones  laid 
and  beaten  by  hand  hammers.  The  finished  layer  was  composed  of 
broken  stones  about  the  size  of  walnuts  and  was  spread  with  a  shovel. 

Section  D  represents  the  finished  road  as  consolidated  by  travel. 
The  crown  was  made  6  inches,  the  width  18  feet,  and  the  total  thick- 
ness about  10  inches. 

E  shows  the  curbs,  which  were  composed  of  rough,  flat  stones,  set 
on  edge.     The  upper  edge  was  made  flush  with  the  road  surface. 

MACADAM  METHOD  OP  CONSTRUCTION. 

The  macadam  method  of  construction  was  introduced  in  England 
and  Scotland  by  a  Scotchman,  John  Loudon  MacAdam  (1756-1836). 
The  chief  features  of  MacAdam's  construction  were  a  raised,  thoroughly 
drained,  and  crowned  earth  foimdation,  stone  broken  to  a  imiform 
size  not  exceeding  IJ  inches,  and  no  addition  of  binding  material  to 
the  broken  ^tone.  MacAdam  also  insisted  that  the  finished  road 
should  have  a  slight  crown  and  that  broken  stone  when  spread  on 
the  road  should  be  kept  raked  smooth  imtil  thoroughly  consolidated 
by  traffic.  This  form  of  construction  continued  practically  unchanged 
until  the  introduction  of  the  road  roller,  about  1870. 

During  the  past  40  years  the  methods  of  construction  and  mainte- 
nance have  been  greatly  modified,  yet  the  term  "macadam"  is  still 
applied  to  broken-stone  roads. 

At  the  present  time  the  macadam  road  is  built  in  courses,  with 
the  coarser  stones  at  the  bottom  and  the  finer  on  top.  Stone  screen- 
ings or  sand  are  used  for  binding.  In  practically  every  case  the 
stone  is  broken  by  machinery. 

Plate  III,  figure  2,  illustrates  a  macadam  road  of  the  type  con- 
structed during  the  first  period  of  macadam  construction,  which 
began  about  1816. 

Section  A  shows  the  earth  foimdation,  which  was  always  made 
higher  than  the  surface  of  the  adjacent  ground  so  as  to  facilitate 
the  escape  of  water  from  the  foimdation  and  the  surface. 

Section  B  shows  the  layer  of  hand-broken  stone,  with  a  depth  of 
10  inches.  This  stone  was  broken  to  sizes  weighing  about  6  ounces, 
and  no  stone  was  used  that  exceeded  1}  inches  in  its  greatest  dimen- 
sion. The  surface  of  the  road  was  raked  regularly  during  the  process 
of  consolidation.  No  rollers  were  used,  and  the  stone  was  compacted 
by  traffic. 

Section  C  shows  the  finished  road,  from  16  to  18  feet  wide.  The 
crown  was  raised  from  4  to  6  inches.  MacAdam  contended  that 
the  stones  would  lock  or  bond  by  virtue  of  their  angularity  and  so 
make  a  water-tight  crust,  and  that  it  was  neither  necessary  nor 
desirable  '*to  bond  a  road  with  earth,  clay,  chalk,  or  other  material 
that  would  imbibe  water  or  be   affected  by  frost."     The  surface 
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of  the  road  was  kept  even  and  smooth  by  the  addition  of  fresh  mat^ 
rial  where  necessary.  This  material  was  placed  on  the  road  inthii 
layers  in  damp  weather  in  order  that  the  new  material  might  more 
readily  bond  and  incorporate  with  the  old. 

TELFORD  METHOD  OF  ROAD  BUILDING. 

This  form  of  construction  takes  its  name  from  the  celebrated 
engineer,  Thomas  Telford  (1757-1834),  who,  besides  doing  manj 
other  notable  things,  constructed  920  miles  of  roads  in  the  Hi^- 
lands  of  Scotland  and  also  a  large  mileage  in  the  mountainous  sec- 
tions of  Wales  and  in  the  north  of  England.  To-day  the  chief 
characteristic  of  the  telford  road  is  a  base  of  fairly  regular  stones, 
about  3  by  5  by  7  inches  in  their  smallest  dimensions,  placed  by 
hand  on  the  wider  of  the  long  narrow  faces  and  with  the  greatest 
dimension  perpendicular  to  the  axis  of  the  road.  The  blocks  arc 
then  *' keyed  in''  by  filling  the  interstices  with  stone  «palls,  chips, 
or  small  gravel.  Any  projecting  points  are  broken  oflF.  On  tiiis 
base  is  placed  a  wearing  surface  of  broken  stone  from  4  to  7  indies 
deep.  Originally  the  telford  road  was  constructed  with  a  flat 
subgrade,  and  a  sUght  crown  was  obtained  by  using  larger  stones 
in  the  center.  In  present  construction,  however,  the  subgrade  is 
given  the  same  crown  as  the  finished  road,  and  stones  of  uniform 
size  are  used  throughout.  Formerly,  too,  the  wearing  surface 
was  placed  and  consohdated  in  the  same  manner  as  the  wearing 
surface  of  the  old  macadam  road. 

The  telford  base  is  used  very  generally  in  the  construction  of 
important  roads  in  Austria-Hungary,  Germany,  Russia,  Switzer- 
land, and  the  Scandinavian  countries.  Some  of  the  roads  of  England 
and  Scotland  which  were  formerly  macadam  are  proving  too  weak 
for  the  present  heavy  traflBc  and  are  being  relaid  with  a  telford  base. 

Plate  IV,  figure  1,  illustrates  a  telford  road  as  constructed  during 
the  first  period,  which  began  about  1820. 

Section  A  shows  the  earth  foimdation,  from  16  to  20  feet  wide, 
and  flat. 

Section  B  represents  the  telford  base,  composed  of  stones  about  7 
inches  in  depth.  No  stone  more  than  3  inches  wide  was  placed  at 
the  top. 

Section  C  shows  the  top  course,  about  7  inches  thick  at  the  crown. 
It  was  composed  of  hand-broken  stone,  in  pieces  not  heavier  than 
6  ounces,  which  would  pass  through  a  circular  ring  not  larger  than 
2i  inches  in  diameter. 

Section  D  shows  the  finished  road,  bonded  with  1  inch  of  gravel. 
The  crown  was  made  6  inches  for  the  road,  which  was  surfaced  to 
a  width  of  18  feet. 
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LOCATION  AND  AUGNMENT. 

When  a  new  road  is  to  be  built,  or  an  old  road  rebuilt,  the  profile 
should  be  established  and  the  curves  plotted  by  a  competent  engineer. 
The  sharp  curves  and  steep  grades  should  be  eliminated  by  a  proper 
alignment  or  by  cuts  and  fills.  When  a  grade  exceeds  6  feet  in  100 
feet,  it  is  considered  excessive  for  heavy  traffic.  A  curve  with  less 
than  a  200-foot  radius  is  considered  dangerous  for  fast  traffic.  Em- 
bankments, trees,  and  shrubs  which  obscure  the  line  of  sight  on 
sharp  curves  should  be  cut  back  in  order  that  rapidly  moving  vehi- 
cles approaching  each  other  may  be  able  to  pass  without  accident. 

In  selecting  the  location  for  a  new  road,  low,  swampy  ground  or 
ground  subject  to  overflow  should  be  avoided.  The  road  should  be 
located  on  sohd  ground.  In  moimtainous  or  hilly  sections  it  should 
be  located  on  the  sidehill  slopes,  with  southern  or  western  exposure, 
where  the  natural  drainage  is  good,  and  not  in  creek  or  river  bottoms. 

The  road  should  be  as  straight  as  possible,  but  a  good  grade  is  pre- 
ferred to  straightness.  Generally  a  road  should  be  located  aroimd 
long  steep  inclines  instead  of  over  them.  If  this  is  impracticable 
then  the  length  of  the  road  up  the  incline  should  be  increased  suffi- 
ciently to  obtain  a  good  grade.  Dangerous  railroad  grade  crossings 
should  be  avoided  by  relocation  of  the  road  or  by  overhead  bridges 
or  underpasses. 

Plate  IV,  figure  2,  illustrates  the  relocation  of  an  old  road.  To  the 
right  is  shown  the  old  earth  road,  with  such  characteristic  featiu-es 
as  steep  grades,  poor  ahgnment,  dangerous  grade  crossings,  tmsafe 
wooden  bridge,  and  inadequate  drainage.  The  dilapidated  farm 
buildings  and  the  old  district  schoolhouse  featured  on  the  model, 
with  their  imsightly  and  insanitary  surroimdings,  are  the  usual 
accompaniment  of  such  a  road.  To  the  left  is  shown  the  new  road, 
located  on  higher  groimd,  along  sidehLIl  slopes,  with  easy  grades  and 
pleasing,  practical  alignment.  The  grade  crossing  has  been  elimi- 
nated. A  bridge  and  permanent  culverts  have  been  built  and  good 
drainage  provided  as  well  as  a  well  constructed  and  maintained 
macadam  surface.  The  sightly  farm  buildings  and  attractive  con- 
solidated district  schoolhouse  are  supplied  with  pure  water  by  means 
of  windmill  and  reservoir. 

FOUNDATION,  OR  SUBGRADE,  AND  SHOULDERS. 

In  the  construction  of  all  types  of  gravel  or  macadam  roads  it  is 
necessary,  in  order  to  obtain  the  most  economical  results,  to  prepare 
the  foundation,  or  subgrade,  and  shoulders  of  the  road  carefully. 
After  the  subgrade  has  been  properly  shaped  and  before  any  broken 
stone  or  other  material  is  put  on,  it  should  be  thoroughly  rolled  and 
compacted.     Water-puddling  may  be  resorted  to  in  case  the  soil 
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requires  it.  All  hollows  and  depressions  which  develop  during  the 
rolling  should  be  filled  with  good  material.  If  soft  or  spongy  places 
develop  during  the  roUing,  the  soft  or  spongy  material  should  be 
taken  out  and  replaced  with  good  material  and  the  subgrade  a^dn 
rolled.  This  process  of  filling  and  roUing  is  repeated  imtil  no  depres- 
sions develop  and  the  subgrade  has  been  brought  to  its  proper  ele- 
vation, which  is  as  much  below  the  established  grade  as  the  thickness 
of  the  surfacing  course  to  be  used.  The  shoulders  ought  also  to  be 
rolled  in  the  same  manner,  but  in  places  where  the  character  of  the 
material  makes  the  use  of  a  heavy  roller  impracticable,  a  lighter 
roller  may  be  used.  The  shoulders  are  built  at  the  same  time  as  the 
subgrade  and  with  it  form  a  trench  to  hold  the  surfacing  material 
They  may  be  built  either  by  excavation  or  by  piling  up  earth  as  the 
work  progresses.  The  shoulders  also  serve  to  widen  the  road  for  the 
passing  of  vehicles.  They  are  usually  given  a  sharper  slope  than 
the  paved  portion  of  the  road. 

Plate  V,  figure  1,  shows  a  model  illustrating  several  methods  d 
road  drainage.  It  will  be  noted  that  the  roadbed  is  located  partly  in 
a  cut  and  partly  on  a  sidehUl. 

Section  A  shows  a  surface  ditch  (h)  at  the  top  of  the  slope,  a  side 
drain  (c)  opening  into  a  culvert  (a)  with  a  drop  inlet  (6),  a  telford 
base,  a  section  of  guard  rail  (^),  and  a  shoulder  drain  (d). 

The  surface  water  falling  on  a  large  area  sloping  toward  the  road  is 
often  kept  from  the  road  and  out  of  the  road  gutters,  where  it  usually 
does  considerable  damage,  by  a  surface  ditch  such  as  (h).  The  side 
ditch  (e)  is  used  to  gather  the  water  originating  on  or  along  a  roadway 
and  to  carry  it  to  points  of  outlet.  As  a  general  rule  the  bottom  of 
the  ditch  is  lower  than  the  low  point  on  the  subgrade  of  the  road. 
The  size  of  the  ditch  varies  with  the  amount  of  water  it  is  necessary  to 
accommodate.  The  shape  of  the  ditch  varies  with  climatic,  soil,  and 
topographic  conditions.  The  side  drain  (c)  is  constructed  to  carry  off 
the  ground  water  which  is  often  found  in  hilly  sections.  In  the  model 
the  trench  is  represented  to  be  2  J  feet  deep,  12  inches  wide  at  the 
bottom,  and  18  inches  wide  at  the  top.  On  the  bottom  of  the  trench 
is  placed  tile  pipe,  usually  6  inches  in  diameter.  The  pipe  is  laid 
without  cement,  and  loose  stone  is  carefully  filled  around  the  sides 
and  top  of  the  pipe  to  the  top  of  the  trench.  The  side  drain  empties 
in  some  suitable  outlet.  For  example,  the  one  in  this  model  empties 
in  a  drop  inlet  (6),  which  also  serves  as  an  outlet  to  the  surface  and 
side  ditches.  The  drop  inlet  empties  into  a  culvert  (a),  which  carries 
the  water  under  the  road.  This  type  of  inlet  prevents  the  bank  from 
sUding  and  closuig  the  culvert,  which  sometimes  happens  in  hilly 
sections. 

The  purpose  of  the  shoulder  drain  (d)  is  to  permit  water  to  escape 
from  the  subgrade  during  or  immediately  after  the  construction  of  a 
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gravel,  macadam,  or  other  road  of  crushed  stone.  These  drains  are 
generally  a  little  deeper  than  the  subgrade  and  slope  toward  the  side 
ditches,  to  which  they  carry  the  water.  They  are  filled  with  crushed 
stone  to  a  depth  of  6  or  8  inches  and  are  covered  over  with  earth.  The 
shoulder  drains  are  required  in  clay  soils  and  are  placed  at  the  low 
points  in  the  grade  as  well  as  at  frsquent  intervals  on  flat  grades. 

The  telford  base  is  extensively  used  in  locations  on  swampy  or 
marshy  groimd. 

The  guard  rail  shown  in  the  model  is  desirable  along  steep  slopes  to 
protect  travelers.  The  fence  is  painted  to  prolong  its  life.  The 
white  color  enables  the  public  to  discern  it  at  night.  The  posts  are 
about  6  inches  in  diameter  and  about  7  feet  long,  and  are  set  in  the 
ground  to  a  depth  of  3^  feet.  About  18  inches  from  the  ground  a 
plank,  2  by  6  inches,  is  notched  into  the  posts.  The  top  rail  is  then 
placed  about  18  inches  above  the  top  edge  of  this  plank.  It  may  be 
either  4  by  4  inch  timber,  notched  into  the  top  of  the  post,  or  a  plank, 
2  by  6  inches,  spiked  to  the  top  of  the  post,  which  has  been  sawed  off 
to  a  slope  of  3  inches. 

Section  B  shows  a  V  drain  base  with  a  side  outlet. 

The  V  drain  base,  when  used  in  through  cuts,  is  cheaper  than  the 
telford  method  with  two  side  drains,  especially  in  a  section  of  country 
where  field  stone  aboimds.  It,  like  the  telford,  is  often  used  in  wet 
and  spongy  ground.  The  water  flows  to  and  along  the  point  of  the 
V  drain  (i)  imtil  a  suitable  outlet  can  be  secured.  The  center  is 
usually  excavated  2  feet  and  the  sides  about  16  inches  below  the 
finished  grade.  The  material  excavated  is  thrown  to  the  sides, 
forming  the  shoulders.  In  swamp  sections  it  is  sometimes  necessary 
to  haul  material  for  the  shoulders.  The  V  drain  is  then  filled  with 
stone  to  a  depth  of  18  inches  at  the  center  and  10  inches  at  the  sides. 
These  stones  grade  from  8  inches  in  thickness  down  to  a  few  inches. 
The  lai^e-sized  stones  are  placed  at  the  bottom,  while  the  small  stones 
are  used  at  the  top.  The  surface  should  then  be  rolled  and  the 
surfacing  material  spread  and  rolled.  V  drains  are  sometimes  built 
of  brickbats,  slag,  or  even  sand,  or  any  material  that  will  permit  the 
water  to  seep  rapidly  to  the  point  of  the  V.  This  type  of  construction 
permits  the  use  of  field  stone  of  an  inferior  type  and  assists  in  clearing 
many  farm  lands  of  an  otherwise  waste  product. 

Section  C  shows  a  center  drain  with  laterals  and  cobble  gutters. 

The  center  drain  with  laterals,  sometimes  called  a  blind  or  French 
drain,  furnishes  another  mode  of  draining  the  foundation  of  a  road. 
As  with  the  V  drain,  the  water  is  brought  to  the  center  of  the  road 
and  conducted  to  some  suitable  outlet.  The  model  shows  these 
drains  about  2  feet  deep,  about  12  inches  wide  at  the  bottom,  and 
about  18  inches  wide  at  the  top.  A  drain  tile  is  placed  at  the  bottom 
87538**— Bull.  220—15 2 
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of  the  trench,  which  is  then  filled  with  stones  from  a  few  inches  up  to 
8  inches  in  thickness. 

The  cobble  gutters  (/j  show  an  effective  way  of  carrying  away  sur- 
face water  on  steep  grades.  The  stones  vary  in  thickness  from  8  to 
12  inches  and  are  laid  on  a  sand  or  gravel  base.  They  are  well  rammed 
and  given  a  coat  of  sand,  which  is  carefully  swept  in,  and  then  the 
stones  are  rammed  again.  These  gutters  are  easily  cleaned  and 
carry  the  water  along  rapidly  without  damage  to  the  road  by  washing. 

EARTH  AND  SAND-CLAY  ROADS. 

The  mileage  of  roads  in  the  United  States  is  so  great  and  the  traffic 
on  many  of  the  country  roads  so  light  that  it  will  be  impossible  and 
impracticable  for  years  to  come  to  improve  more  than  a  small  per- 
centage of  the  roads  with  a  hard  surface.  This  does  not  mean,  how- 
ever, that  all  other  roads  should  be  neglected.  They  should,  as  rap- 
idly as  possible,  be  improved  to  the  extent  warranted  by  their 
importance.  The  common  clay  roads  may  be  greatly  improved  by 
a  little  judicious  grading  and  systematic  maintenance. 

Frequently,  especially  in  the  South,  many  of  the  country  roads 
may  be  improved,  for  all  practical  purposes,  by  incorporating  sand 
or  clay,  as  the  case  may  require,  with  the  surface  soil  of  the  road. 
Thousands  of  miles  of  sand-clay  roads  have  already  been  built  in  the 
Southern  States  at  an  average  cost  of  about  $750  per  mile.  These 
roads  meet  the  present  needs  of  many  localities  as  well  as  would  a 
more  expensive  form  of  construction. 

EARTH  ROADS. 

Plate  Y,  figure  2,  illustrates  the  construction  and  maintenance  of 
an  earth  road. 

Section  A  show^  the  old  and  unimproved  roadbed.  The  surface  is 
characteristic  of  altogether  too  many  earth  roads.  The  center  is 
lower  than  the  sides,  which  makes  it  impossible  for  the  water  to  run 
toward  the  ditches;  and  even  if  this  were  possible  there  are  no  road- 
side ditches  to  carry  it  away.  In  consequence,  the  road  is  usually 
full  of  ruts  and  mudholes. 

Section  B  illustrates  a  section  of  earth  road  under  improvement, 
with  a  road  machine  or  grader.  The  width  of  the  section  shown  is 
equivalent  to  about  33  feet  of  finished  surface  from  ditch  to  ditch. 
The  use  of  a  reversible  road  machine  is  shown  in  opening  roadside 
ditches  and  in  shaping  the  road  surface  so  that  it  will  shed  water. 
The  work  of  this  machine  is  equivalent  to  the  labor  of  many  men, 
and  it  is  done  far  better  than  possible  with  picks  and  shovels.  An 
earth  road  shoidd  have  a  width  of  at  least  20  feet,  preferably  24  to 
30  feet.  If  the  road  is  narrow,  wagons  are  likely  to  use  the  center  of 
it  and  make  deep  ruts.  The  surface  drainage  is  provided  for  by 
giving  the  road  an  average  crown  or  slope  from  center  to  sides  of  1  inch 
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to  the  foot.  Side  ditches  should  be  built,  as  shown  in  section  B,  on 
all  earth  roads  except  sandy  sections,  which  are  best  when  damp. 
Ditches  can  be  made  and  maintained  with  a  road  machine,  but  care 
should  be  taken  that  they  have  a  fall  sufficient  to  carry  the  water 
along  the  side  of  the  road.  Through  wet  and  swampy  land  it  is  often 
necessary  to  raise  the  roadbed  above  the  general  level  of  the  country 
in  order  to  secure  drainage. 

Section  C  illustrates  an  earth  road  which,  though  surfaced  by  a 
road  machine,  has  rutted  under  heavy  traffic  and  is  being  maintained 
by  the  spht-log  drag.  In  the  road  illustrated  by  sections  B  and  C 
the  crown  or  slope  from  the  center  to  the  sides  is  equivalent  to  1  inch 
to  the  foot. 

For  continuous  maintenance  the  spUt-log  drag  shown  on  the 
model  has  been  devised.  This  miniature  drag  has  been  built  to 
the  same  scale  as  the  road  model,  1  inch  to  the  foot.  The  full-sized 
drag  can  be  made  best  from  a  log  7  or  8  inches  in  diameter  and  from 
6  to  8  feet  long.  The  log  should  be  carefully  split,  and  the  halves, 
with  the  flat  sides  vertical  and  facing  to  the  front,  connected  by 
stakes.  The  halves,  though  of  the  same  length,  are  joined  so  that 
one  end  of  the  rear  half  is  from  16  to  20  inches  nearer  the  center  of 
the  road  than  the  corresponding  end  of  the  front  half.  An  ordinary 
trace  chain  and  a  set  of  doubletrees  are  then  attached  in  such  man- 
ner that  when  the  horses  move  forward  the  drag  will  be  puUed  along 
the  road  at  an  angle  of  about  45  degrees,  with  the  forward  end 
nearest  the  ditch  in  order  to  move  the  earth  toward  the  road  center. 

The  drag  should  be  light  enough  to  be  lifted  by  one  man.  The 
best  material  is  dry  red  cedar,  though  red  elm  and  walnut  are  excel- 
lent, while  box  elder,  soft  maple,  elm,  or  willow  are  superior  to  oak, 
hickory,  or  ash.  A  platform  is  usually  placed  on  the  cross  stakes  to 
strengthen  the  drag  and  furnish  a  place  for  the  driver  to  stand.  After 
a  httle  practice  a  man  can  learn  how  best  to  shift  his  weight  so  as  to 
make  the  drag  cut,  spread,  and  pack  the  earth  properly. 

FiUing  the  ruts  by  dragging  up  one  side  of  the  road  and  down  the 
other  is  all  that  should  be  undertaken  the  first  time,  but  this  should 
be  repeated  after  each  heavy  rain.  As  a  mUe  of  road  can  be  dragged 
in  a  few  hours,  this  method  of  maintenance  is  simple  and  inexpensive. 
If  the  drag  is  used  in  conjunction  with  the  road  machine,  fairly 
good  earth  roads  can  be  built  at  a  small  expense.  Dragging  is  done 
for  50  cents  per  mile  in  some  parts  of  the  country.  At  this  rate  a 
mile  of  earth  road  can  be  dragged  once  a  month  for  $6  annually. 
Some  remarkable  results  have  been  accomplished  with  the  drag 
without  the  aid  of  the  road  machine.  Farmers*  Bulletin  597,^ 
"The  Road  Drag  and  How  to  Use  It,''  deals  fully  with  this  subject. 

*  Copi«B  of  this  publication  will  be  sent  free  to  persons  applying  to  the  Secretary  of  Agriculture,  Wash- 
ington, D.  C. 
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SAND-CLAY  ROADS. 

Plato  VI.  ih^uvo  1,  illustratt^s  the  coiLstruction  of  a  sand-clay  road 
16  feet  wide  and  S  inches  thick  when  compacted.  The  crown,  as 
shown,  is  1  inch  to  the  foot. 

Section  A  repn*sents  an  unimproved  sand  road  about  33  feet  wide: 
section  B,  tlic  road  sh»;htly  rounded  to  receive  the  clay;  section  C, 
the  road  covered  with  chiy  to  a  depth  of  6  inches;  section  D,  the 
harrowint^  or  mixinjj:  j)rocess;  and  section  E,  the  completed  road. 
The  process  is  as  follows: 

The  road  is  fii*st  shapiMl,  tlien  covered  with  from  4  to  6  inches  of 
day  and  worked  witli  a  (Hsk  or  tooth  harrow  until  the  sand  and 
clay  are  thoroughly  mixed,  first  dry  and  finally  wet.  The  final 
mixing;  should  he  done,  if  possihle,  durin«j  rainy  weather.  WHien 
the  mixing  has  been  done,  tlie  surface  is  brought  to  a  crown  of  1 
inch  to  the  foot  with  tlu*  road  machine  or  split-log  drag  and  covered 
with  a  thin  layer  of  sand.  After  two  or  three  rams  it  may  be  found 
necessary  to  apply  more  sand.  This  method  produces  a  smooth, 
cheap,  and  satisfactory  road  suitable  for  light  traffic. 

Similar  results  can  l)e  secured  by  adding  sand  to  a  clay  road  and 
providing  good  surface  drainage.  When  building  on  a  clay  foun- 
dation, it  is  advisable  to  plow  the  clay  before  adding  the  sand  in 
order  to  insure  a  tliorougli  mixing. 

The  failure  of  a  sand-clay  road  is  generally  due  to  one  of  two 
causes,  tlie  use*  of  an  unsuitahle  material  or  the  combination  of  the 
sand  and  clay  in  wrong  proportions.  The  clay  should  be  of  a  quality 
which,  while  sticky,  yet  will  mix  readily  with  the  sand  and  form  a 
firm  bond  aft(*r  (he  wet  mixture  has  been  shaped  and  dried  out. 
Some  clays,  ^uch  a^  the  "joint"  clays,  have  so  little  of  the  plastic 
or  sticky  (jualily  that  after  a  rain  they  quickly  separate  from  the 
j)articles  of  sand  and  make  a  (histy  road.  \Miere  available,  the 
sand  selected  should  he  >.har])  and  coarse.  With  regard  to  the  pro- 
portions of  sand  and  clay,  any  (»xc(»ss  of  clay  above  the  amount 
mH'cssary  to  fill  the  tiny  spacers  between  the  grains  of  sand  will 
result  in  a  more  or  les>  nuid<ly  road.  Farmers'  Bulletin  331,*  *'Sand- 
clay  and  Binnt-ciny  Roads,"  gives  full  information  on  the  subject 
of  construcl  iiig  these  riiads. 

GRAVEL  ROADS. 

Plate  VI.  figure  2.  illu^t ratios  tlie  stages  of  construction  for  one 
typ(»  of  gravel  road.  The  graded  width  is  33  feet  and  the  surfaced 
widtli  is  if)  feet.     The  crown  is  tlu'ee-fourths  inch  per  foot. 

Section  A  represtMits  th(»  side  ditches,  shoulders,  and  the  prepared 
subgrade,  with  the  center  a])out  10  inches  higher  than  the  bottom  of 
the  side  ditch. 


>  (\)piis  of  TiU  puMi'Ui  >:»  will  l»»»  .Sf*-ii  frot*  t  >  p»*rs.)iis  npplyiiu*  t  >  the  Secretary  of  Agriculture,  Wasb- 
inpton.  1).  C. 
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FiQ.  1.— Model  Showing  Various  Methods  of  Road  Drainage. 


Fig.  2.— Model  of  an  Earth  Road,  Showing  Split-Log  Drag  and  Road  Grader  in 

Operation.  r^^^^^T^ 
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Fig.  1  .—Model  of  a  Sand-Clay  Road. 


Fig.  2.— Model  of  a  Gravel  Road. 
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FiQ.  1.— Model  of  a  Water-Bound  Macadam  Road. 


Fkj.  2.— Model  of  a  Bituminous  Macadam  Road-Penetration  Method. 
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Fia  1.— Model  of  a  Bituminous  Macadam  Road— Mixing  Method. 


FiQ.  2.— Model  Showing  a  Rock-Asphalt  Macadam  Road. 
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Section  B  shows  the  first  course  of  gravel  spread  and  rolled  to  a 
thickness  of  about  4  inches  at  the  center  and  3  inches  at  the  sides. 

Section  C  represents  the  finished  road  after  the  second  course  of 
gravel  has  been  spread  and  compacted.  The  second  course  when 
compacted  is  2  inches  in  thickness  at  the  center  and  li  inches  at  the 
sides. 

Many  gravels  as  found  in  nature  are  not  suitable  for  use  on  the 
road,  unless  modified  by  the  addition  or  elimination  of  certain  ma- 
terials. The  products  of  some  pits  are  deficient  in  bonding  materials, 
such  as  sand  or  day,  and  at  the  same  time  may  have  an  excess 
of  large  pebbles.  In  general,  the  gravel  should  be  screened  and  the 
graded  material  laid  in  courses  according  to  the  manner  of  macadam 
road  construction. 

MACADAM  ROADS. 
WATER-BOUND  MACADAM  ROADS. 

Plate  VII,  figure  1,  illustrates  the  construction  of  a  water-bound 
macadam  road  16  feet  wide,  6  inches  thick  at  the  center,  and  4  inches 
thick  at  the  sides  when  rolled.  The  crown  of  the  finished  road  as 
shown  is  one-half  inch  to  the  foot.  The  road  is  graded  for  a  width  of 
33  feet. 

Section  A  represents  the  prepared  subgrade  properly  crowTied  and 
rolled;  section  B,  the  first  course  of  broken  stone,  4  inches  thick 
compacted;  section  C,  the  second  course,  2  inches  thick  compacted; 
and  section  D,  the  finished  road. 

In  preparing  for  the  construction  of  a  road  of  this  type,  the  pro- 
cedure given  on  page  7,  for  foundation,  or  subgrade,  and  shoidders, 
should  be  followed.  After  the  subgrade  has  been  prepared,  a  layer 
of  broken  stone  of  approved  size  and  quality  for  the  first  or  bottom 
course  should  be  spread  evenly  over  it  to  such  depth  that  it  shall 
have,  when  rolled,  the  required  thickness.  The  depth  of  the  loose 
stone  may  be  gauged  by  laying  upon  the  subgrade  cubical  blocks  of 
wood  of  the  proper  size,  and  spreading  the  stone  evenly  to  conform 
to  them. 

The  roller  should  be  run  along  the  edge  of  the  stone  backward  and 
forward  several  times  on  each  side  of  the  road  before  roUing  the 
center.  If  a  filler  is  desired  for  the  bottom  course  it  should  be  clean, 
coarse  sand,  or  stone  screenings  supplemented  by  the  product  of  the 
crusher  not  otherwise  used  in  top  or  bottom  courses.  It  should  be 
spread  uniformly  over  the  surface  and  then  swept  in  and  rolled  dry. 
This  process  must  be  continued  until  no  more  will  go  in  dry,  when 
the  surface  should  be  sprinkled  to  more  effectually  fill  the  voids.  Any 
irregularities  or  depressions  may  be  made  good  with  broken  stone  of 
the  size  used  in  the  bottom  course,  and  screenings  or  filler  shoidd  not 
be  used  for  this  purpose. 
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The  second  or  top  course  should  be  spread  on  the  bottom  course  to 
such  depth  that  it  shall  have,  when  completed,  the  required  thickness. 
Blocks  of  wood  of  proper  size  may  be  used  to  gauge  the  depth  of  the 
loose  stone.  Care  must  be  taken  to  preserve  the  grade  and  crowii. 
also  to  prevent  a  wavy  surface,  and  all  irregularities  and  depressions 
ought  to  be  made  up  with  stone  the  size  of  the  top-course  stone. 
After  the  surface  is  true  to  line,  grade,  and  cross-section,  and  rolled 
until  the  stone  ceases  to  wave  in  front  of  the  roller,  it  should  be 
covered  with  a  Ught  coating  of  screenings,  spread  on  dry,  rolled,  and 
swept  in.  The  filler  for  the  top  course  must  be  of  top-course  stone 
screenings  in  which  the  percentage  of  dust  is  not  excessive.  The 
spreading,  sweeping,  and  rolUng  in  of  screenings  should  be  continued 
until  no  more  will  go  in  dry,  after  which  it  is  best  to  sprinkle  the  road 
until  the  top  course  is  saturated.  The  sprinkler  is  then  followed  by 
the  roller.  More  screenings  should  be  added  if  necessary,  and  the 
sweeping,  sprinkling,  and  rolling  continued  until  a  grout  has  been 
formed  of  the  screenings,  stone  dust,  and  water  that  shall  fill  all  the 
voids  in  the  top  course  and  shall  form  a  wave  before  the  wheels  of 
the  roller. 

When  the  wave  of  grout  has  been  produced  over  the  whole  section 
of  the  road  this  portion  of  the  road  should  be  left  to  dry,  after  which 
it  can  be  opened  to  travel.  Enough  screenings  should  be  spread  on 
top  of  the  macadam  to  leave  a  wearing  surface  about  three-eighths 
of  an  inch  thick. 

A  miniature  steam  roller  is  shown  in  Plate  I  of  this  bulletin.  For 
further  information  on  the  subject  of  macadam  roads.  Farmers*  Bul- 
letin 338,^  '^Macadam  Roads,'*  may  be  of  interest. 

erruMiNOus  macaixam  roads. 

Since  the  coming  of  the  automobile,  the  resulting  aggravation  of 
the  dust  nuisance,  and  the  consequent  raveUng  of  the  water-bound 
macadam  roads,  numerous  methods  have  been  devised  to  secure  a 
lasting  road  surface  reasonably  free  from  dust  and  at  the  same  time 
within  the  financial  means  available  for  main-line  country  roads. 

While  the  several  methods  differ  greatly  as  to  name  and  the  details 
of  carrying  out  the  work,  the  fundamental  aim  of  each  is  the  same. 
This  is  to  secure  a  smooth,  waterproof,  and  durable  surface  composed 
of  mineral  aggregate,  usually  broken  stone,  bonded  not  only  by  the 
mechanical  interlocking  of  the  fragments,  but  by  a  bituminous  mate- 
rial which  coats  the  fragments  and  fills  the  interstices.  Refined  tars, 
oil  asphalts,  and  fluxed  natural  asphalts  are  the  binders  more  com- 
monly employed. 

»  Copies  of  this  publication  will  be  sent  free  to  persons  applying  to  the  Secretary  of  Agriculture,  Wash- 
ington, D.  C. 


Digitized  by 


Google 


KOAD  MODELS.    •  15 

The  usual  methods  of  construction  are  known  as  the  mixing  method 
and  the  penetration  method.  In  the  mixing  method  a  more  or  less 
closely  graded  aggregate  is  mixed  either  by  hand  or  machinery  with 
the  proper  amount  of  bituminous  material  before  placing  it  on  the 
road.  In  the  penetration  method  the  wearing  or  second  course  of 
stone  is  laid  and  rolled  as  in  ordinary  macadam;  but  instead  of 
applying  the  screenings,  hot  bituminous  material  is  poured  or  sprayed 
over  the  stone  in  sufficient  quantity  to  coat  the  fragments  and  pene- 
trate the  top  course  to  a  depth  of  2  or  3  inches.  In  each  of  these  forms 
of  construction  it  is  customary  to  spread  a  second  and  Ught  apphcation 
of  hot  bituminous  material  over  the  surface  in  order  to  fill  the  exposed 
voids  completely  and  make  the  surface  waterproof.  A  sufficient 
quantity  of  pea  gravel  or  stone  chips  is  then  added  to  take  up  any 
excess  of  bitumen,  the  surface  is  rolled  thoroughly,  and  the  road 
thrown  open  to  traffic. 

PENETRATION   METHOD. 

Plate  VII,  figure  2,  illustrates  the  construction  of  a  bituminous 
macadam  road  according  to  the  penetration  method. 

Section  A  represents  the  prepared  subgrade  16  feet  wide,  with  the 
crown  one-half  inch  to  the  foot;  section  B,  the  first  course  of  No.  1  stone, 
4  inches  in  thickness  when  compacted  after  rolling.  This  coxirse  is 
partially  filled  with  sand  or  stone  chips  when  necessary  to  insure  a 
solid  foundation.  Section  C  shows  the  second  course  of  No.  2  stone, 
2  inches  in  thickness  when  compacted  after  roUing;  section  D,  the 
application  of  bituminous  material  at  the  rate  of  about  \\  gallons  to 
the  square  yard;  section  E,  a  coating  of  stone  chips  which  has  been 
roUed;  section  F,  seal  coat  of  bituminous  material  applied  at  the  rate 
of  about  one-half  gallon  per  square  yard ;  and  section  G,  the  completed 
surface,  with  clean  stone  chips  Hghtly  roUed. 

The  construction  of  this  road,  as  far  as  the  completion  of  the  No. 
1  and  No.  2  courses,  is  the  same  as  an  ordinary  macadam  road. 
From  that  point  it  varies  from  the  method  of  construction  of  a 
macadam  road  in  that  hot  bituminous  material  is  flushed  into  the 
No.  2  course  before  the  screenings  are  applied. 

MIXIMG   METHOD. 

Plate  VIII,  figure  1,  illustrates  the  construction  of  a  bituminous 
macadam  road  according  to  the  mixing  method. 

Section  A  shows  the  prepared  subgrade  16  feet  wide,  with  the 
crown  three-eighths  inch  to  the  foot;  section  B,  the  foundation  course 
of  No.  1  stone  compacted  to  a  depth  of  about  4  inches.  This  course 
is  partially  fiUed  with  sand  or  stone  chips,  as  shown  in  model,  when 
necessary  to  insiu*e  a  soUd  foundation.  Section  C  shows  the  wearing 
course  before  and  after  rolluig,  consisting  of  a  properly  proportioned 
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inixtun*  of  stoiio  aiul  bituminous  material.  The  stone  ma\'  be  the 
],r(Khi('t  of  (h(»  crusher  ran<i:intx  in  size  from  that  whieh  will  be  retained 
on  a  screen  havintj  circular  openinj^s  one-half  ineh  in  diameter  to  that 
which  will  pass  a  scre(»n  havinti:  circular  openings  IJ  inches  in  diameter. 
Stone  of  this  size  will  require  from  IS  to  20  gallons  of  bituminous 
material  per  cubic  yard  of  stone. 

Tht*  w(»arin<i:  course  is  laid  to  a  depth  of  3  J  inches  loose,  which  will 
compact  to  a  thickness  of  about  2  inclies  by  rollmg.  Section  D  shows 
the  a[)plication  of  a  seal  coat  of  hot  bituminous  material  and  clean 
>-ton(»  chips,  and  section  E  shows  the  finished  surface  after  final 
rolling. 

Sl'KFACE    TKKATMENT. 

The  surface  treatment  of  an  old  macadam  road  with  bituminous 
material  is  sliown  in  Plate  IX,  figure  1. 

Section  A  shows  a  (hsintegrated  macadam  surface;  section  B,  the 
surface  after  sweeping:  section  C,  tlie  application  of  bituminous  ma- 
terial at  the  rate  of  about  one-half  gallon  per  square  yard;  and  section 
1),  tlie  application  of  pea  gravel  or  stcme  cliips  to  the  treated  surface, 
completing  the  treatment. 

Before  any  application  of  bituminous  material  is  made  all  loose 
material  should  be  removed  and  the*  road  surface  should  be  free  from 
(hist,  ch'an  and  dry.  The  bituminous  material  is  applied  either  hot 
or  cold,  (h'pen(Hng  upon  the  consistency  of  the  material.  It  may  be 
poured  by  hand,  or  by  means  of  a  mechanical  distributor,  and  in  the 
former  case*  sliouhl  be  thoroughly  broomed  into  the  surface,  in  order 
to  secure  perfect  adhesion.  Enough  stone  chips  or  pea  gravel 
>liould  then  i)e  apj)lie(l  to  take  up  any  excess  bituminous  material 
that  may  l)e  left  on  i\\o  surface. 

KKSLK FACING    MACADAM    ROADS. 

Phite  IX,  figure  2,  ilhHt ratios  tlic^  reconstruction  of  a  macadam  road 
after  it  \\i\<  hccoiui*  l)a(lly  worn.  Tlie  macadam  width  as  shown  is  16 
feet,  and  tlic  crown  is  one-half  incli  to  the  foot. 

Section  A  rcpi'cscnt-  tlic  worn  niaca(hun  surface;  section  B,  the 
-uifacc  after  >|)ikin^;  xM-iion  (\  the  road  after  it  has  been  recrowned; 
-eel ion  1),  the  a|)|)H<'ation  of  new  stone  of  Xo.  2  size,  compacted  to  3 
iiielies  after  I'olliiig;  section  I^,  the  apphcation  of  bituminous  material 
by  the  peneti'ation  method  at  the*  rate  of  about  1^  gallons  per  square 
yaid;  section  l\  a  coating  of  stone  chips  whieli  has  been  rolled;  sec- 
tion (1,  a  seal  coat  of  bituminous  material  averaging  about  one-half 
gallon  ])er  scjuare  yard:  and  siM'tion  11,  the  finished  surface  covered 
with  ^tone  chi|)s  or  pea  graved. 

This  model  illustrates  the  usual  custom  of  restoring  a  macadam 
road  which  has  beconu*  badly  worn  and  rutted,  owing  to  exc^sive 
travel  and  lack  of  nnunt(Mnnict\ 


Digitized  by 


Google 


Bui.  220,  U.  S.  Dept.  of  Agriculture.  PLATE  IX. 


Fig.  1.— Model  Showing  Repair  and  Maintenance  of  Macadam 
Roads— Surface  Treatment. 


Fig.  2.— Model  Showing  Repair  of  a  Macadam  Road— Resurfacing  Road, 
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Fig.  1  .—Model  Showing  Cement  Concrete  Road. 


Fig.  2.— Model  of  a  Bituminous  Concrete  Road— "Topeka"  Specification. 
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ROCK-ASPHALT  MACADAM  ROADS. 

Plate  VIII,  figure  2,  represents  a  rock-asphalt  macadam  road  sur- 
faced to  a  width  of  16  feet.  The  macadam  is  compacted  to  a  total 
deptli  of  8  J  inches  and  the  crown  is  made  one-half  inch  to  the  foot. 
The  rock  asphalt  is  spread  on  the  road  at  the  rate  of  80  pounds  to 
the  square  yard. 

Section  A  represents  the  prepared  subgrade;  section  B,  the  first 
course  of  stone,  ranging  in  size  from  2  to  3  inches,  with  a  depth  of  3 
inches  when  compacted;  section  C,  the  second  course  of  stone, 
ranging  in  size  from  2  to  3  inches,  filled  with  stone  chips  or  sand,  and 
having  a  depth  of  3  inches  when  compacted;  section  D,  the  third 
course  of  stone,  ranging  in  size  from  1 J  to  2 J  inches,  with  a  depth  of 
2 J  inches  when  compacted;  section  E,  the  rock  asphalt,  to  the  extent 
of  40  pounds  per  square  yard,  or  about  three-fourths  inch  loose, 
raked  and  rolled  in  to  fill  the  voids;  and  section  F  shows  the  finished 
surface,  composed  of  rock  asphalt,  spread  at  the  rate  of  40  pounds  per 
square  yard,  which  is  equivalent  to  a  course  about  three-fourths  inch 
thick  before  rolling. 

CEMENT  CONCRETE  ROADS. 

Concrete  roads  are  a  comparatively  new  development  in  the  effort 
to  find  a  material  which  will  successfully  withstand  both  automobile 
and  horse-drawn  traffic.  Concrete  pavements  were  laid  first  in  1869 
in  Grenoble,  France,  where  many  streets  are  stUl  paved  with  this 
material.  In  this  country  the  first  use  of  the  concrete  pavement  was 
probably  in  Bellefontaine,  Ohio,  where  several  sections  were  laid  in 
1893  and  1894. 

A  lai^e  mileage  of  concrete  roads  has  been  built  in  Wayne  County, 
Mich.  These  roads  are  built  of  a  1:1^:3  mixture  throughout,  with  a 
minimum  thickness  of  7  inches.  The  width  of  the  surfaced  roadway 
varies  from  9  to  24  feet.  The  coimty  road  officials  are  very  well 
pleased  with  this  form  of  construction,  and  are  building  many  more 
miles  of  it. 

In  other  instances  a  leaner  concrete  is  used,  and  the  surface  pro- 
tected by  a  cushion  coat  of  some  bituminous  binder  with  sand,  fine 
gravel,  or  screenings.  This  surface  coating  is  renewed  as  often  as 
may  be  necessary. 

Plate  X,  figure  1,  illustrates  the  construction  of  a  concrete  road 
graded  to  a  width  of  33  feet  and  paved  to  a  width  of  16  feet.  The 
concrete  is  placed  to  a  depth  of  7  inches  in  the  center  and  4  inches  at 
the  sides.  The  crown  of  the  road  is  three-eighths  inch  to  the  foot. 
Section  A  represents  the  prepared  subgrade;  section  B  the  fresh  con- 
crete placed  in  position,  mixed  in  the  proportion  of  l:lf  :3;  section 
C,  a  2-inch  earth  blanket,  placed  to  minimize  evaporation  while  cur- 
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ing;  section  D  shows  various  types  of  expansion  joints,  namdj, 
wood,  felt,  and  bituminous  filler;  section  E,  the  bituminous  carpet 
coat  consisting  of  one- third  to  one-half  gallon  of  bituminous  material 
per  square  yard  and  sufficient  *' torpedo'^  sand  or  stone  chips  to  pro- 
vide a  satisfactory  wearing  surface. 

BITUMINOUS  CONCRETE  ROADS— "  TOPEKA  SPECIFICATION.'* 

Plate  X,  figure  2,  represents  a  type  of  bituminous  concrete  con- 
struction. It  is  preferably  laid  over  a  concrete  base  to  the  depth 
shown,  but  is  frequently  constructed  over  a  well-consolidated  mac- 
adam or  crushed-stone  base. 

Section  A  shows  the  subgrade;  section  B,  the  concrete  foundation 
composed  of  broken  stone  or  gravel  concrete  mixed  in  the  propor- 
tion 1:3:7  and  having  a  finished  thickness  of  6  inches.  Section  C 
demonstrates  the  manner  of  constructing  the  curbs.  It  also  shows 
the  joint  left  at  the  end  of  each  day's  work.  Section  D  shows  the 
layer  of  bituminous  concrete  before  and  after  rolling.  The  compo- 
sition of  this  concrete  is  commonly  as  follows: 

Per  oat 

Bitumen  soluble  in  carbon  bisulphide 7-11 

Mineral  aggregate  passing  a  2-mesh  sieve 100 

Passing  2-me8h  sieve  and  retained  on  4-meeh  sieve 5-10 

Passing  4-me8h  sieve  and  retained  on  10-meeh  sieve 8-22 

Passing  10-mesh  sieve  and  retained  on  40-mesh  sieve 25-55 

Passing  40-me8h  sieve  and  retained  on  200-me8h  sieve 18-30 

Passing  200-me8h  sieve 5-11 

Section  E  shows  the  apphcation  of  a  seal  coat  with  stone  chip 
dressing.  The  amount  of  bituminous  material  appUed  should  not 
exceed  one-half  gallon  to  the  square  yard,  and  the  seal  coat  is  fre- 
quently omitted  when  the  bituminous  concrete  is  sufficiently  dense  to 
warrant  the  omission. 

Section  F  shows  the  finished  surface. 

PAVED  ROADS  OTHER  THAN  CONCRETE. 

Paved  roads  are  sometimes  advisable  where  there  is  heavy  traffic. 
The  materials  which  have  been  adapted  to  country  roads  during  the 
past  years  are  brick,  asphalt  block,  granite  block,  and  a  small  stone 
block  extensively  used  in  Germany  and  known  as  '^kleinpflaster." 

A  good  paving  brick  laid  on  a  sand  cushion  with  a  substantial  con- 
crete foundation  makes  a  road  well  adapted  to  both  horse-drawn  and 
motor  traffic.  The  first  cost  of  such  a  road  is  generally  high,  but 
this  is  largely  offset  by  its  durability  and  low  maintenance  cost. 

Asphalt  blocks  are  molded  from  sand,  broken  stone,  and  asphalt 
under  pressure  into  rectangular  blocks,  which  are  laid  on  a  concrete 
foundation  somewhat  in  the  same  manner  as  brick.  The  asphalt 
blocks  are  more  resilient  than  the  brick  and  consequently  more  free 
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from  noise.  They  have  as  yet  not  been  used  to  any  great  extent  on 
the  country  roads  of  the  United  States.  The  small  sett,  or  '^klein- 
pflaster/'  pavement  of  Germany  is  as  yet  almost  unknown  in  this 
coimtry.  A  hard,  tough  rock,  preferably  basalt  or  diabase,  is  broken 
by  machinery  into  cubes  3  to  4  inches  in  size.  These  are  placed  on 
a  light  sand  cushion,  with  a  concrete  or  old  macadam  base  as  founda- 
tion. In  Germany  they  are  generally  laid  in  an  oyster  shell  or  mosaic 
pattern,  while  in  Hungary  and  Austria  they  are  laid  in  rows  at 
45  degrees  to  the  axis  of  the  road.  This  pavement  may  be  laid  at  a 
fairly  low  first  cost,  is  not  expensive  to  maintain,  is  neither  noisy  nor 
slippery,  and  is  well  adapted  to  mixed  traffic. 

ASPHALT-BLOCK  ROADS. 

Plate  XI,  figure  1,  represents  an  asphalt-block  road. 

Section  A  shows  the  subgrade,  and  beginning  with  section  B  is 
shown  the  concrete  curb.  Section  B  shows  the  concrete  base  6  inches 
thick,  mixed  in  the  proportion  1:3:7;  section  C,  the  cement  mor- 
tar bed,  one-half  inch  thick,  composed  of  1  part  of  slow-setting 
Portland  cement  and  4  parts  of  sand;  section  D,  the  asphalt  block 
surface.  The  asphalt  blocks  are  5  inches  wide,  12  inches  long,  and 
2  inches  thick.  In  section  E  the  surface  has  been  covered  with  sand 
which  has  been  screened  through  a  J-inch  mesh  screen.  Tins  sand 
carpet  is  used  to  fill  the  joints  between  the  blocks,  and  should  be 
allowed  to  remain  for  30  days.  The  surface  should  then  be  swept 
clean. 

BRICK  ROADS. 

t 

Plate  XI,  figure  2,  illustrates  the  construction  of  a  28-foot  road- 
way, 14  feet  of  which  is  a  brick  road  with  6-inch  concrete  curbings. 
There  is  a  3-foot  earth  shoulder  along  one  edge  of  the  brick  roadway, 
and  the  remaining  11  feet  form  an  earth  road  on  the  opposite  side. 
The  earth  road  has  a  slope  toward  its  ditch  of  1  inch  to  the  foot. 
The  outer  11  feet  of  the  brick  roadway  has  a  slope  of  three-eighths 
inch  to  the  foot,  but  the  slope  of  the  inner  3  feet  is  less,  forming  the 
crown  of  the  road.  The  earth  road  is  preferred  in  dry  weather  by 
many  drivers  of  horses. 

Section  A  illustrates  the  prepared  subgrade  for  the  brick  roadway; 
section  B,  the  concrete  curbing  placed  along  the  edges  of  the  pave- 
ment; section  C,  a  stone  base  6  inches  deep,  and  section  D,  a  con- 
crete base  6  inches  deep.  Either  of  these  bases  may  be  used,  although 
the  concrete  is  generally  preferable.  This  base  course  of  the  road 
may  vary  in  thickness  from  4  to  8  inches,  according  to  soil  condi- 
tions, but  6  inches  is  in  most  general  use.  Section  E  shows  the  sand 
cushion,  about  2  inches  deep;  section  F,  the  brick  laid  and  rolled  but 
not  grouted;  section  G,  the  expansion  joint  between  the  brick  and 
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the  curb:  and  soction  II  illustrates  the  grouted  brick  surface  ready 
for  travel.  In  addition,  a  properly  constructed  mixing  box  is  shown, 
in  which  the  grout  is  prepared. 

CULVERTS  AND  BRIDGES. 

The  first  higliway  bridg(»s  in  this  country  were  constructed  of  wood 
and  retpiired  much  attention  for  repairs  and  renewals.  I^aler, 
wrouglit  and  cast  iron  were  combined  with  wood  in  what  became 
kiu)wn  as  combination  bridges.  The  present  general  demand  tot 
struct  ur(»s  composed  of  more  permanent  materials  is  due  largely  to 
the  expense  and  inconvenience  of  maintaining  those  of  wood  or  com- 
bined wood  and  iron.  In  many  sections  there  is  also  need  for  stronger 
bridges  ])ecause  of  tlie  increase  in  weight  of  traffic.  Steel  possesses 
the  re(|uisite  strength,  but  it  is  subject  to  rust  and  rapid  deterioration 
if  not  protected  with  a  (Uirable  covering.  Portland  cement  concrete 
is  quite  free  from  o])jectionable  qualities,  and  by  skillfully  combining 
steel  and  concrete  in  highway  bridges  it  is  possible  to  utilize  the  good 
features  of  each  material,  and  at  the  same  time  overcome  their  dis- 
advantage's. Reinforced  concrete  bridges  may  be  made  strong  and 
durable.  The  concrete  can  be  cast  in  any  shape,  and  the  surface 
finished  in  many  (hfferent  ways  to  secure  a  pleasing  appearance. 
Such  bridges  cost  more  in  the  beginning,  but  practically  nothing  to 
maintain,  while  those  of  wood,  or  steel  not  incased  in  concrete, 
re(}uire  frecpient  painting  and  renewal  of  parts. 

Culverts  constructed  of  stone  and  concrete  are  generally  superior 
to  those  nnuk*  of  j)ip(^  and  are  less  liable  to  injury  by  freezing.  Hard- 
burned  bricks  are  suitable  for  culvert  material  in  localities  where 
th(>y  are  ('hea|)  and  where  stone  or  concrete  materials  are  not  easily 
available.  Brick  culverts  are  not  so  durable  as  those  made  of  stone 
or  coiurete,  especially  in  cold  climates,  where  freezing  is  likely  to 
occur. 

Plate  Xll,  figure  1,  rc])r(^sents  a  bridge  of  the  incased  I-beam  type, 
having  a  span  of  2  \  feet,  hciglit  of  6  f(u»t,  and  width  of  roadway  of  20 
feet.  Tlu*  steel  I-hcanis  are  IS  inches  in  depth,  weigh  55  pomids  per 
linear  foot,  nnd  arc  spaced  .")  fet^t  ."^  inches  apart.  The  concrete  is 
held  liniily  lo  the  l)()Uonis  of  tlu*  beams  by  wires  of  No.  10  gauge  in 
the  foiin  of  vertical  loops  spaced  S  inches  apart.  Lettered  cards  are 
u^rd  to  (le>iLrnat(^  tile  parts,  as  follows: 

A,  ()'.-incl\  reinforc(Ml  concrete  floor  slab;  B,  ^-inch  twisted  steel 
baiN,  spaced  S  inclu^s  a])art  and  resting  on  the  I-beams;  C,  steel  I- 
beanis:  K,  wooden  forms  (framing  3  by  6  inches,  3  feet  on  centers; 
boards  1[  by  S  inciies);  F,  ])arapet  and  railing;  G,  wing  walls  (top 
thickness,  12  indices,  bottom  thickness  varies  with  height  of  waU, 
g<Mierally  not  l(\ss  tlum  four-tenths  of  height);  H,  footing  (course 
obtained  by  adding  1  foot  to  thickness  of  abutment  wall  at  base, 
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Fia  1  .—Model  Showing  an  Asphalt-Block  Road. 


Fig.  2.— Model  of  a  Brick  Road. 
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FiQ.1.— Model  Showinq  Reinforced  Concrete  Bridge— Incased  I-Beam  Type. 


FiQ.  2.— Model  Showing  Reinforced  Concrete  Culvert— Slab  Type. 
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depth  made  such  that  footing  will  extend  to  rock,  hardpan,  or  other 
suitable  foundation  material;  where  rock  is  not  found  the  depth  is 
governed  by  character  of  soil  and  topographical  features). 

The  concrete  is  made  of  Portland  cement,  clean  sand,  and  hard 
broken  stone  or  gravel,  mixed  in  the  following  proportions: 

Superstructure,  1:2:4  (size  of  stone,  }  to  1  inch). 

Abutments  above  footings,  1:2^:5  (size  of  stone,  i  to  2}  inches). 

Footings,  1:3:6  (size  of  stone,  i  to  2}  inches). 

Plate  XII,  figure  2,  represents  a  reinforced  concrete  culvert  having 
a  span  of  8  feet  and  height  of  4  feet,  with  24-foot  width  of  roadway. 
Lettered  cards  are  used  to  designate  the  parts,  as  follows: 

A,  reinforced  concrete  floor  slab,  10 J  inches  in  thickness;  B, 
|-inch  twisted  steel  bars,  IJ  inches  from  the  imderside  of  the  floor 
slab,  spaced  6  inches  center  to  center  and  parallel  to  the  center  line 
of  the  roadway  (there  are  also  J-inch  twisted  steel  bars,  12  inches 
center  to  center,  extending  the  full  width  of  the  bridge  perpendicu- 
larly to  the  center  line  of  the  roadway) ;  C,  abutment  wall  (thickness 
at  top,  13  inches;  thickness  at  base,  1  foot  10  inches);  D,  wing  walls 
(thickness  at  top,  10  inches;  thickness  at  base,  1  foot  1  inch  to  2  feet 
3i  inches);  E,  forms  (framing,  2  by  4  inches,  3  feet  on  centers; 
boards,  IJ  by  8  inches);  F,  pipe  railing  (2-inch  galvanized-iron  pipe 
protected  by  painting);  G,  concrete  parapet  (top  thickness,  1  foot 
6  inches) ;  H,  footing  (2  feet  6  inches  wide  by  3  feet  or  more  in  depth, 
depending  on  foimdation  material). 

The  concrete  is  made  of  Portland  cement,  clean  sand,  and  hard 
broken  stone  or  gravel,  mixed  in  the  following  proportions: 

Superstructure,  1:2:4  (size  of  stone,  J  to  1  inch). 

Abutments  above  footings,  l:2i:5  (size  of  stone,  i  to  2J  inches). 

Footings,  1:3:6  (size  of  stone,  i  to  2^  inches). 

Any  kind  of  surfacing  or  pavement  may  be  used  over  these  bridges. 
ROADSIDE  TREATMENT. 

Plate  XIII  has  been  designed  to  emphasize  various  methods  of 
roadside  treatment.  Well-trimmed  trees  furnish  shade  along  the 
roads  and  aid  in  preventing  the  road  surfaces  from  drying  out  and 
raveling.  Neat  signposts  stand  at  the  crossroads,  and  in  place  of  a 
fence  the  house  lawn  is  divided  from  the  road  by  a  sightly  hedge. 
The  use  of  the  guardrail  is  shown,  with  the  concrete  retaining  wall 
where  the  road  follows  the  creek  bank.  A  weU-constructed  con- 
crete arch  bridge  is  a  feature  of  the  model.  The  slopes  of  the  fill 
extending  from  the  bridge  to  the  crossroad  are  sodded  to  prevent 
slides.     Traffic  on  the  fill  is  protected  by  double  guardrails. 

The  schoolhouse  represents  a  type  of  the  modem  consolidated 
coimtry  school.     Its  concrete  walk  to   the  road  furnishes  a  good 
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example  in  the  use  of  the  small  culvert  where  the  walk  leads  over 
the  ditch  before  reaching  the  road.  This  same  use  of  the  culvert  is 
made  at  the  driveway  entrance  to  the  house.  Architectural  features 
of  MonticeUo,  the  former  home  of  Thomas  JeflFerson,  were  followed 
in  the  construction  of  this  dwelling.  The  rustic  summer  house  and 
the  spring  house  in  its  cool  white  furnish  pleasing  sights  across  the 
fields,  which  have  been  cleared  of  imdergrowth  and  left  with  only  a 
few  well-placed  trees  and  shrubs. 

ROAD  MACHINERY. 

Many  good  roads  were  built  before  the  invention  of  road-building 
machinery,  but  modem  machinery  has  done  much  to  simplify  the 
process  and  reduce  the  cost  of  road  construction.  The  power-driven 
road  roller  has  made  possible  the  construction  of  a  macadam  road  in 
a  few  days  or  weeks,  where  formerly  traffic  was  required  to  make  its 
way  laboriously  over  the  loose  stones  for  months  before  the  surface 
became  even  reasonably  consohdated. 

The  steam  road  roUer  was  invented  by  M.  Louis  Lemoine,  of  Bor- 
deaux, France.  The  French  Grovemment  granted  him  a  patent  in 
1859.  The  first  English  patent  was  granted  to  Messrs.  Clark  and 
Bathe  in  1863.  The  first  steam  road  roller  used  in  the  United  States 
was  imported  from  England  in  1868,  and  its  first  use  was  on  the 
United  States  arsenal  grounds  in  Philadelphia. 

The  stone  crusher  has  greatly  reduced  the  labor  of  preparing  broken 
stone.  It  was  the  invention,  in  1858,  of  E3i  Whitney  Blake,  of  New 
Haven,  Conn.  He  was  a  nephew  of  E3i  Whitney,  the  inventor  of  the 
cotton  gin.  Mr.  Blake's  cnisher  was  used  first  in  Central  Park,  New 
York  City,  in  crushing  rock  for  concrete.  In  1859  the  city  of  Hart- 
ford, Conn.,  purchased  one  of  these  crushers  for  use  in  the  improve- 
ment of  its  streets  and  roads.  This  was  the  first  successful  application 
of  mechanical  power  to  breaking  stone  for  road-building  purposes. 

CRUSHER  PLANT. 

Figure  1,  represents  a  portable  stone-crusher  plant.  A  crusher 
plant  is  indispensable  in  the  construction  of  first-class  broken-stone 
roads,  and  if  such  work  is  to  be  done  well  and  cheaply  the  plant  must 
be  complete  and  conveniently  arranged. 

Sometimes  the  crusher  can  be  located  so  near  the  quarry  that  the 
rock  may  be  sent  down  grade  in  tramcars  and  dehvered  to  the  mouth 
of  the  crusher  by  gravity,  thus  saving  much  hand  labor.  The  crusher 
should  be  provided  with  an  elevator  for  dehvering  the  broken  stone 
to  the  screen,  which  separates  the  material  into  proper  sizes.  The 
screen  should  be  in  three  sections.  The  first  section  usually  contains 
openings  1  inch  in  diameter.  Through  these  openings  the  fragments 
of  stone  known  as  ''screenings"  drop  into  a  bin  corresjx)nding  to 
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that  marked  A  in  the  model.  The  opemngs  of  the  second  section  of 
screen  are  2  inches  in  diameter.  The  stones  which  pass  through  these 
openings  into  bin  B  are  called  No.  2  stone.  The  third  or  last  section  of 
screen  has  3-inch  openings,  passing  No.  1  stone  into  bin  C.  The  tail- 
ings, or  larger  stones,  will  be  forced  through  the  opening  at  the  end 
of  the  screen,  from  which  they  will  drop  into  the  tailings  conveyor, 
to  be  crushed  finally  or  ehminated  from  the  work.  The  jaws  of  the 
crusher  should  be  set  so  as  to  make  as  few  tailings  as  possible.  The 
sizes  of  these  screen  openings  may  vary,  according  to  the  quality  of 
the  stone.  For  instance,  in  crushing  a  hard  stone,  the  openings  of 
each  section  may  be  of  slightly  smaller  diameter,  since  it  is  customary 


Fig.  1.— Model  of  portable  crushing  plant  in  operation. 

to  crush  a  hard  stone  to  somewhat  smaller  grades  than  a  softer 
material. 

When  soft  stones  are  being  crushed,  a  dust  jacket  having  a  J-inch 
mesh  may  be  placed  over  the  first  section  to  eliminate  dust  from  the 
screenings.  The  bins  A,  B,  and  C,  for  receiving  the  various  sizes  of 
crushed  rock,  should  be  provided  with  slanting  metal  bottoms  and 
sliding  doors,  so  that  the  material  may  be  loaded  into  wagons  by 
gravity. 

Two  types  of  crusher  are  commonly  used,  one  the  jaw  crusher, 
shown  in  figure  1,  and  the  other  the  gyratory  crusher.  The  jaw 
crusher  is  generally  used  for  portable  plants.  In  this  machine  one  of 
the  jaws  moves  backward  and  forward  by  means  of  a  toggle  joint 
and  an  eccentric,  and  the  stone  descends  as  the  jaw  recedes.     As  the 
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INTRODUCTION. 

The  southern  com  leaf-beetle  (Myochrous  denticcUis  Say)  has 
become  a  pest  of  considerable  importance  during  the  last  few  years 
and  has  commanded  the  attention  of  entomologists  on  several  occor- 
sions.  Although  the  habits 
of  this  beetle  are  not  fully 
known,  it  seems  advisable 
to  publish  the  known  facts 
and  suggest  possible  rem- 
edies. 

The  writer's  attention 
was  first  called  to  the  do- 
structivo  habits  of  these 
beetles  in  the  summer  of 
1905,  while  investigating 
insects  injurious  to  com  in 
southern  Illinois.  At  that 
time  numbers  of  adults  were  found  feeding  on  grains  of  roasting  ears 
in  cornfields  in  the  bottom  lands  of  the  Ohio  River.  Since  being 
located  by  the  Bureau  of  Entomology  in  southern  Kansas  the  writer 
has  watched  this  little  beetle  and  as  occasion  offered  made  close 
investigation  of  its   habits   and   Ufe   history.     The  occurrence  of 

>  Jfjfoehrous  derUlcoUis  Say;  order  Coleoptera,  family  Chrysomelids. 
KoTE.— Tills  bulletin  Is  of  especial  Interest  fo  entomplogists  In  the  southern  half  of  the  United  States. 
877W— BuU.  221—16 


Fro.  1.— ICap  showing  distribution  of  the  southern  com 
leaf-beetle  (Myockrout  deJUkoUU)  in  the  United  States. 
(Original.) 
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numbers  of  beetles  near  Wellington,  Kans.,  in  1910,  and  again  in 
1913,  together  with  an  outbreak  in  northern  Texas  in  the  spring  oi 
1910,  and  in  eastern  Arkansas  in  1913  and  1914,  afforded  material 
and  opportimity  for  further  extensive  investigations. 

Numbers  of  the  larvae  have  from  time  to  time  been  found  in  the 
soil,  always  in  close  proximity  to  com  roots  which  were  more  or 
less  eaten,  but  in  no  instance  have  they  actually  been  observed  feed- 
ing on  com  roots,  although  especial  attention  has  been  given  their 
feeding  habits. 

mSTORT. 

In  the  Report  of  the  Commissioner  of  Agricultm^  for  1887,  Prof. 
P.  M.  Webster  (Webster,  1887),  then  a  special  agent  of  the  Division 
of  Entomology,  stated  that  beetles  were  observed  in  Louisiana 
during  April  in  considerable  numbers  in  fields  of  young  com.  Tliey 
were  found  in  soil  about  the  stems  and  attacking  the  young  com 
plants  by  gnawing  the  outside  of  the  stems,  without  doing  serious 
injury.  Bis  report  on  a  later  outbreak  at  Cheshire,  Ohio,  in  1900, 
was  the  first  record  of  their  having  done  serious  damage  (Webster, 
1900).  Since  that  time,  however,  they  have  been  reported  as  having 
done  serious  injxuy  at  several  points  in  Kansas,  notably  in  the 
vicinity  of  Douglas,  in  1905,  as  reported  by  E.  S.  Tucker  (Tucker, 
1905).  The  writer  observed  that  they  did  considerable  damage  to 
young  com  at  Wellington,  Kans.,  in  1910  and  1913,  and  severe  dam- 
age in  the  neighborhood  of  Paris,  Ark.,  in  1913,  where  several  hundred 
acres  of  young  corn  were  destroyed  in  early  May,  necessitating  re- 
planting— the  second  planting  also  suffering  severely.  Again,  in  1914, 
serious  damage  was  done  in  western  Arkansas,  but  none  was  recorded 
in  Kansas. 

Mr.  T.  D.  Urbahns  reported  slight  injury  to  young  com  in  the 
vicinity  of  Piano,  Tex.,  in  April,  1909.  The  adults  were  cutting  the 
edges  of  young  corn  leaves,  leaving  them  quite  ragged.  The  infested 
field  was  one  which  had  been  planted  to  cotton  the  previous  year 
and  was  of  the  same  type  of  soil  as  a  heavy  timbered  stretch  of  black 
land  adjacent. 

Mr.  Vernon  King  reported  that  the  beetles  had  ruined  several  acres 
of  young  com  on  farms  near  Charleston,  Mo.,  in  May,  1913,  stating 
that  the  beetles  were  more  numerous  on  black  soil;  in  fact,  none  at 
all  was  found  on  light  sandy  soil.  From  one  to  four  adults  were  ob- 
served on  each  plant  and  the  plants  were  literally  reduced  to  frag- 
ments. (See  PI.  I,  figs.  1  and  2.)  The  infested  fields  were  those  of 
recent  clearing  in  bottom  lands. 

During  April  and  early  May,  1915,  a  second  serious  invasion  of 
this  species  took  place  in  this  same  locality.  Mr.  King  having  re- 
signed, the  second  investigation  was  carried  out  by  Mr.  E.  H.  Gibson, 
who  used  the  poisoned-bran  bait  with  good  success  in  destroying 
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the  beetles,  applying  it  about  the  hills  of  com  where  the  beetles  were 
at  work. 

Observations  in  both  Louisiana  and  Ohio  by  Prof.  Webster  (Web- 
ster, 1901)  and  in  Kansas,  Texas,  and  Arkansas  by  the  writer  seem 
to  indicate  that  the  insect  occurs  in  destructive  abundance  on  lands 
that  have  previously  been  devoted  to  pasture  or  lands  that  have 
been  allowed  to  lapse  into  a  semiwild  condition,  not  having  been  cul- 
tivated for  several  years. 

DISTBIBUnON. 

The  species  is  widely  distributed  over  the  southern  half  of  the 
United  States,  extending  from  the  extreme  southeastern  part  of  Ari- 
zona to  southern  Texas,  becoming  more  numerous  directly  north  of 
Brownsville,  thence  northward  to  southern  Iowa,  and  eastward  to 
northern  Illinois  and  central  Ohio  and  to  Washington,  D.  C,  the  most 
soatheastem  point  recorded  being  in  northern  Florida.  This  insect 
has  not  been  reported  from  Tennessee,  North  Carolina,  South  Caro- 
lina, or  Georgia,  but  evidently  it  may  occur  in  these  States.  (See 
map,  fig.  1.) 

Prof.  F.  M.  Webster  (Webster,  1901)  remarks  in  regard  to  the 
distribution  of  other  species — 

Myochmu  iquamoius  rangee  from  northern  Arizona  and  New  Mexico  to  the  Platte 
Biver  in  Nebraska  and  northwest  into  Montana,  probably  through  western  South 
Dakota  and  Wyoming.  Myoehrous  UmgtUtUy  the  only  remaining  species  to  be  men- 
tioned, is  known  to  range  from  southern  Galif(»rnia  and  Arizona  northward  into 
Cokkrado,  where  it  has  been  reported  to  Dr.  Le  Oonte,  without  exBct  locality.  It  not 
unlikely  occurs  also  in  Utah,  although  it  has  not  yet  been  reported  from  there  in  the 
literature,  so  far  as  I  am  able  to  leamf  but  in  any  case  overlapping  the  territory  in- 
habited by  Myochroui  squamosus  in  northern  Arizona  and  New  Mexico,  and  also 
probably  in  Colorado,  while  the  latter  species  borders  on  and  possibly  mingles  with 
MyochrouB  denticoUis  in  southwestern  Arizona,  eastern  New  Mexico,  western  Kansas, 
and  extreme  southeastern  Nebraska. 

DESCRIPTION  AND  UFE-HISTORT  NOTES. 

The  insect  was  described  by  Dr.  Thomas  Say  in  1824  (Say,  1824) 
under  the  name  of  Colaspis  denticoUis,  from  specimens  collected  in 
Missomi.  Dr.  Say  did  not  mention  any  food  plant  in  connection 
with  his  description.  It  was  first  described  as  an  insect  pest  to 
growing  com  by  Prof.  F.  M.  Webster  (Webster,  1901). 

THE  EGG. 

The  egg  (fig.  2)  is  small,  oval,  pale  yeUow,  and  about  0.036  of  an 
inch  in  length  and  0.015  of  an  inch  in  diameter.  The  surface  is 
smooth  and  slightly  glistening.  The  female  deposits  her  ^gs  in 
clusters  of  from  10  to  60  in  the  field,  carefully  placing  them  in  small 
pieces  of  weeds,  hollow  straws,  in  crevices,  in  clods  of  dirt,  but  always 
near  com  plants. 

Close  searching  in  the  neighborhood  of  plants  other  than  com  has 
failed  to  reveal  them,  although  the  beetles  have  been  noted  feeding 
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on  other  plants  at  egg-laying  time.  In  the  laboratory,  under  arti- 
ficial conditions,  the  eggs  will  hatch  in  from  6  to  10  days,  rarely  go- 
ing as  long  as  15  days.  Eggs  have  been  observed  from  early  April 
in  northern  Texas  till  the  middle  of  May  in  Kansas. 

THELABVA. 

The  newly-hatched  larvae  are  nearly  cylindrical,  about   1  mm. 
long  and  0.03  mm.  in  diameter,  tapering  slightly  and  becoming 

somewhat  flattened  toward  the  posterior 
extremity.  They  are  pale  yellow,  except 
the  first  thoracic  segment  and  head, 
which  are  creamy  white.  The  head  is  a 
Uttle  broader  than  the  thorax,  and  the 
body  is  covered  with  downy  haiis. 
Within  five  days  after  the  hatching  the 

no.  2.-The^uther^^leaf.beeae:     j^^  ^^^^^^  ^  ^^^^^^  ^^^^  ^^^  ^^ 

is  retained  until  maturity. 

The  matm-e  larvae  (fig.  3)  are  6  to  8  mm.  in  length  and  about  2  mm. 
in  diameter.  The  head  is  slightly  smaller  than  the  thorax,  the  body 
becoming  a  little  larger  toward  the  anal  extremity.  The  thoracic 
segments  bear  stout  legs,  and  beginning  with  the  second  abdominal 
s^ment  the  next  seven  segments  each  bear  a  pair  of  ambuliatory  pro- 
cesses (fig.  3,  a)  which  terminate  in  a  long  hair,  accompanied  by  four 
shorter  hairs.  The  anal  plate  (fig.  3,  h)  consists  of  five  parts,  which 
are  very  characteristic  of  this  species  and  form 
a  character  which  separates  it  from  all  other 
larv»  of  the  Eumolpini  group. 

During  the  last  six  years  the  writer  and 
other  members  of  the  Bureau  of  Entomology 
have  been  making  efforts  to  rear  the  larvee  of 
this  species  from  egg  to  maturity,  in  order  to 
determine  definitely  its  food  plant  and  exact 
life  history.  In  the  laboratory  almost  every 
form  of  receptacle  has  been  used  tha^i  coidd 
be  devised,  from  a  tiny  vial  with  several 
kinds  of  food  in  it,  fitted  with  blotting  paper 
to  absorb  undue  moisture,  to  flowerpots  buried    ^     ,    ^^ 

.      ^,  '1        1  '  ^    '  1  t  '   1        '  Fio.  3.— The  Bouthem  ooni  kaJ- 

m  the  sou,  Wnicn  it  was  thought  might  Simu-        beeUe:  Larva,   a,  AmbolatarT 

late  more  natural  conditions.  p"^'  ^««^P>»t^(Oripi-i) 

The  list  of  growing  plants  involved  in  these  experiments  is  as  follows: 
Cocklebur  (Xanthium  spinosum)^  smartweed  (Persicaria  hydropiper)^ 
Japan  clover  (Lespedeza  striata),  crab  grass  (Syntherisma  8anguinale)f 
sorghum  {Sorghum  wlgare),  alfalfa  {Medicago  saliva),  cotton  (Gowy- 
pium  sp.),  com  {Zea  mays),  wheat  {Triticum  wlgare),  bluegrass  (Poa 
praiensis),  pigweed  (CJienopodium  sp.),  and  barnyard  grass  (EchinO' 
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{Moa  crus-gaUi).  Kemek  of  wheat  and  com  which  had  been  soaked 
in  water,  pieces  of  decaying  straws,  com  pith,  and  toadstools  were 
also  tried,  with  negative  results. 

A  few  larvse,  fed  on  a  combmation  of  decaying  com  pith  and 
growing  comroots,  failed  to  mature,  probably  for  other  reasons  than 
lack  of  proper  food,  but  were  sufficiently  large  for  use  in  identifying 
those  collected  in  the  field. 

Numerous  searches  have  been  made  in  cornfields,  wheat  fields, 
grass,  and  fields  grown  up  with  weeds,  and  the  larvae  have  not  yet 
been  found  feeding  on  plants  other  than  com.  Larvae  have  been 
f  oimd  in  the  soil  in  cornfields  where  cocklebur  and  com  plants  were 
growing  together,  and  where  com  was  growing  alone,  but  in  no  other 
situation. 

The  first  larvse  found  in  the  field  were  observed  by  Mr.  T.  H. 
Parks  and  the  writer  at  Wellington,  Kans.,  on  July  20,  1910,  in  small 
round  earthen  cells  from  4  to  6  inches  deep,  with  a  tiny  burrow 
leading  toward  the  comroots,  which  had  been  more  or  less  eaten. 
The  larvae  hastily  retreated  to  safety  and  feigned  death  when  dis- 
turbed. By  way  of  further  determining  this  habit,  a  larva  was 
allowed  to  crawl  on  the  surface  of  the  soil,  when  on  suddenly  jarring 
the  soil  several  inches  from  it  it  hastily  retreated  and  "folded  up." 
Although  a  diligent  search  was  made  for  feeding  larvae  during  the 
following  days  of  July  and  up  until  the  middle  of  August,  none  was 
found,  though  numbers  of  larvae  were  unearthed. 

The  field  in  which  the  larvae  were  first  foimd  is  the  dark  waxy 
second  bottom  land  which  becomes  very  gummy  and  sticky  during 
wet  weather  and  very  hard  diuing  dry  weather.  The  outbreaks  and 
damage  reported  by  Prof.  Webster,  Mr.  Tucker,  and  Mr.  King  and 
those  observed  by  the  writer  in  Kansas,  Texas,  and  Arkansas  have 
all  been  on  soil  of  this  character.  In  sandy  or  light  soils  very  few 
larvae  or  pupae  have  been  foimd  and  correspondingly  few  injured 
comroots  have  been  observed. 

From  the  laboratory  notes  made  at  Brownsville,  Tex.,  latitude 
26®,  by  Mr.  R.  A.  Vickery,  it  appears  that  the  larval  period  probably 
extends  from  about  April  1  to  about  Jime  15,  while  the  writer's 
observations  at  Piano,  Tex.,  latitude  33°,  and  at  Paris,  Ark.,  latitude 
35°,  show  that  the  larval  period  ranges  from  April  15  to  July  1,  and 
at  Wellington,  Kans.,  latitude  37°,  from  May  1  to  July  15. 

In  the  bottom  lands  of  the  Arkansas  River,  near  Paris,  Ark.,  the 
larvae  had  pupated  and  practically  aU  the  adults  had  issued  by  July 
22,  1914,  indicating  that  they  began  pupating  as  early  as  July  1. 
In  the  vicinity  of  Wellington,  Kans.,  the  larvae  began  to  pupate 
about  the  middle  of  July,  pupae  being  found  as  early  as  July  20  and 
as  late  as  August  14.  The  period  for  maturing  the  pupa  seems  to 
be  about  15  days,  although  no  exact  data  have  been  obtained. 
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THE  PUPA. 

The  first  pupae  (fig.  4)  to  be  found  were  in  earthen  cells  in  the  s<h1 
near  com  plants  at  depths  of  from  4  to  6  inches.  Thefiaidingof 
pupae  which  were  nearly  matiu*e  at  this  time,  some  of  which  changed 
to  adidts  by  the  next  morning,  indicated  that  the  larvae  had  finished 
feeding  and  were  in  their  pupal  cells. 

The  pupa  is  white  until  within  one  day  of 
matiu'ity,  when  it  begins  to  darken. 

In  dorsal  view  the  head  is  bent  ventrad; 
the  bristles  on  the  head  are  prominent  and 
irregularly  placed  in  a  double  row  on  the  me- 
dian dorsal  line;  there  is  a  single  row  of  set« 
above  the  pliu^al  suture;  the  eighth  abdom- 
inal segment  has  a  semicircular  row  of  setae 
and  the  anal  segment  is  supplied  with  a  stout, 
curved  spine;  each  abdominal  segment  bears 
several  stout  setae  on   the  dorsum.     In  lat- 
Fio.  4.— The  southern  com  leaf-    eral  view  the  body  is  longer  than  wide,  taper- 
beet  eiPupa.  (Original.)       ing  from  the  fifth  abdominal  segment;   the 
antennae  are  directed  dorsad  around   the  femora  of  the  two  front 
pairs  of  legs,  thence  backward  with  the  tips  lying  near  the  claws 
of  the  middle  legs  and  on  top  of  them;  the  elytra  and  wings  are 
rather  short,  thick,  tapering  toward  the  tip,  and  folded  over  the 
posterior  legs,  the  tarsi  of  which  reach   the  eighth  segment.    In 
ventral  view  the  head  is  as  long  as  the  thorax,  directed  forward, 
with  the  front  lying  between  the   tarsi   of 
the  front  pair  of  legs;  the  elytra  and  the 
tarsi  nearly  meet  ventraUy,  forming  a  deep 
ventral  groove.     The  pupa  is  5  to  6  mm.  long 
and  from  3  to  3.5  mm.  wide. 

THE  Al)ULT. 

To  the  average  farmer  the  beetles  (fig.  5) 
can  be  recognized,  as  small,  dark  brownish 
beetles,  more  or  less  covered  with  bits  of  soil. 
They  are  about  three-sixteenths  of  an  inch  long 
and  about  one-third  as  wide.     They  have  the    ^'';2:^'^\T^^^!r\^^ 

i.iit'i  beetle:  Adult.    (Original.) 

habit  of  droppmg  from  their  food  plant  to 

the  groimd  and  hiding  when  disturbed,  and  owing  to  this  habit  they 
are  very  rarely  seen.  Quite  often  farmers  have  noticed  seriously 
damaged  young  com,  the  plants  being  literally  in  fragments,  and 
have  been  unable  to  locate  the  cause  on  accoimt  of  this  habit  of  the 
beetles  of  dropping  to  the  ground  and  hiding.  It  is  sometimes  diffi- 
cult even  for  trained  entomologists  to  locate  them. 
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Dr.  Thomas  Say  (Say,  1824)  described  the  adult  as  follows: 

Body  black,  sli^tly  bronzed,  covered  with  dense,  robust  cinereous  hairs;  antennia 
dull  rufous  at  base;  thorax  with  three  equal,  equidistant  teeth  on  the  lateral  edge; 
elytra,  lateral  edge  minutely  dentated;  tip  simple;  anterior  tibiae  and  posterior 
thig^  one-toothed.    Length,  nearly  one-fifth  of  an  inch. 

The  beetle  seems  to  prefer  to  feed  early  in  the  morning,  late  in  the 
evening,  or  at  night,  or  on  cloudy  days;  very  rarely  it  feeds  during 
the  heat  of  the  day,  and  at  this  time  of  the  day  it  is  generally 
found  imder  clods  of  dirt  or  down  beneath  the  leaves  of  the  plants. 

HIBERNATION. 

The  adult  beetles  issue  from  pupal  cells  about  the  middle  of  July  in 
central  Arkansas  and  the  1st  of  August  in  southern  Kansas,  emergence 
extending  over  a  period  of  about  one  month.  They  do  considerable 
feeding  on  the  kernels  of  unripe  ears  of  com  and  buds  of  cocklebur 
before  entering  hibernation,  which  begins  early  in  the  fall.  They 
have  been  observed  by  Mr.  W.  R.  McConnell  hibernating  under  piles 
of  com  husks,  in  fodder  shocks,  in  cornfields,  and  also  in  clumps  of 
Andropogon  scopariiLSy  Andropogon  virginicus,  and  Cyperus  roiwndus, 
Mr.  A.  H,  Rosenfeld  (Rosenfeld,  1911)  found  one  adiilt  hibernating 
in  Spanish  moss  (TiUandsia  usneoides). 

Adults  were  found  in  hibernation  in  the  fall  of  1913  throughout 
bottom-land  cornfields  near  Paris,  Ark.,  these  being  the  same  fields 
that  had  been  devastated  the  previous  spring.  In  a  large  cotton 
field  adjacent  to  one  of  these  cornfields  beetles  were  found  in  large 
numbers  under  piles  of  rubbish,  in  the  open  unpicked  cotton  boUs, 
and  a  large  munber  were  f oimd  lying  on  the  ground  beneath  a  large 
pile  of  recently  picked  cotton. 

While  investigating  the  hibernation  of  tins  insect  in  central  Arkan- 
sas the  writer's  attention  was  called  to  a  cotton  gin  from  the  dirt 
spout  of  which  the  beetles  were  being  shaken  from  cotton  which  was 
then  being  brought  in  from  the  fields  for  ginning.  A  double  handful 
of  living  beetles  were  thus  collected  in  a  short  time.  The  manager  of 
the  cotton  gin  informed  the  writer  that  he  had  been  noticing  these 
beetles  since  early  fall  and  that  they  were  more  numerous  in  late  No- 
vember. This  cotton  gin  was  located  in  the  Arkansas  River  bottoms 
and  only  such  cotton  as  was  grown  in  the  immediate  vicinity  was 
ginned. 

After  leaving  this  locality,  the  writer  visited  a  gin  located  near 
the  edge  of  the  foothills,  where  both  hiQ-land  cotton  and  bottom- 
land cotton  were  being  ginned.  The  bottom-land  cotton  produced  a 
few  beetles,  but  the  upland  cotton  was  apparently  free  from  them.  *^ 
In  the  town  of  Paris,  two  large  cotton  gins  were  visited  and  searched  for 
this  beetle,  but  owing  to  the  fact  that  most  of  the  cotton  they  were 
receiving  at  this  time  was  from  the  hill  land,  none  of  the  beetles  could 
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be  found.     However,  in  the  pile  of  rubbish  and  dirt  at  the  side  of  Uis 
gin  which  had  been  thrown  from  the  dirt  auger  several  fragments  of 
dead  beetles  were  found.     The  manager  of  this  gin  could  not  gjr|i 
any  information  regarding  the  occurrence  of  the 
noticed,  however,  some  large  brown  cases  whic 
numerously  early  in  the  fall,  probably  the  pupal 
leaf-worm  (Alabama  argxClacea  Hiibn.) . 

CROPS  DAMAGED. 

Com  is  the  only  cidtivated  crop  that  has  been  kn 
in  sufficient  numbers  to  cause  serious  damage. 

first 
bem 
spri 
youE 

early  volunteer  com, 
the  crop  not  ha  ving  been 
planted  at  that  time. 

Besides  corn,  the 
beetles  have  been  ob- 
served by  the  writer  to 
attack  the  yoimg  leaves 
and  growing  shoots  of 
cocUebur,  smartweed, 
Japan  clover,  and  crab 
grass.     Mr.  Vickery  has 


Fio.  6.— Young  com  plant  showing  work  of  adult  of  the  southern 
com  leaf-beetle.    (Original.) 

the  agents  of  the  branch  of  Southern  Field  Crc 
have  observed  them  feeding  on  the  cotton  pis 
The  ragged  appearance  of  the  com  plar 
of  their  presence,  especially  the  notched  edges 
the  beetles  appear  in  sufficient  numbers  to 
notches  become  so  numerous  that  the  plan 

early  planting  seems  to  be  the  one  most  seriously  affected,  although 
the  second  planting  on  the  farm  of  a  Mr.  Baskins  and  on  other 
farms  near  Paris,  Ark.,  was  about  50  per  cent  damaged  in  1913,  the 
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Fia.  1  .—Cornfield  Devastated  by  Adults  of  the  Southern  Corn  Leaf-Beetle. 

(From  Webster.) 


Fkj.  2.— Corner  of  Same  Field  After  Second  PLANTiNa    (From  Webster.) 

WORK    OF    THE    SOUTHERN     CORN     LEAF-BEETLE    (MYOCHROUS 

DENTICOLLIS). 
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FiQ,  1 .— YouNQ  Corn  Plants  Killed  by  Adults  of  the  Southern  Corn  Leaf- 
Beetle.    (Oriqinal.) 


Fig.  2.— Corn  Plant  Completely  Destroyed  by  the  Southern  Corn   Leaf- 
Beetle.    (Original.) 

WORK    OF    THE    SOUTHERN    CORN    LEAF-BEETLE. 
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first  planting  having  been  entirely  destroyed.     The  devastation  of 
1914  was  very  severe  but  not  so  heavy  as  in  1913. 

Considerable  search  on  cotton  and  wheat  growing  in  the  vicinity 
of  infested  cornfields  near  Paris,  Ark.,  developed  no  damage  to  these 
crops. 

DISSEMINATION. 

The  beetles  have  powerfid  wings  and  have  been  observed  in  fields 
long  distances  from  where  they  originated.  Especially  was  this  true 
in  one  instance,  during  the  fall  of  1910,  where  it  was  positively  known 
that  they  developed  in  certain  bottom-land  fields,  later  migrating  2 
miles  to  a  field  of  late  upland  com,  where  great  nimibers  of  them  were 
found  feeding  upon  the  belated  ears.  In  this  last-mentioned  field 
the  farmer  planted  wheat  and  in  the  operation  the  driU  raked  up 
piles  of  the  com  leaves,  among  which  great  nimibers  of  the  beetles 
hibernated  dining  the  following  winter.  Counts  made  the  follow- 
ing spring,  before  they  left  hibernating  quarters,  indicated  that  about 
80  per  cent  of  these  beetles  survived  the  winter.  A  lot  of  the  dead 
beetles  were  kept  for  parasites,  but  no  parasites  developed.  From 
these  hibernating  quarters  beetles  emerged  in  this  &ame  field  in  late 
March,  after  the  weather  had  become  warm.  They  were  noticed 
flying  in  a  northerly  direction,  though  just  where  they  went  coidd 
not  be  determined. 

It  does  not  seem  to  the  writer  that  an  outbreak  of  this  insect  is 
brought  about  by  the  growing  of  any  particular  crop  on  a  certain 
field,  but  it  woidd  appear  that  an  outbreak  is  very  likely  to  follow 
where  a  field  has  been  allowed  to  lie  idle,  especially  so  if  allowed  to  grow 
cocklebiu'  and  volimteer  com  for  a  year  or  more  and  to  become  very 
weedy  and  foid,  thus  affording  hibernating  quarters. 

The  fact  that  adidts  have  been  found  hibernating  in  grasslands, 
in  which  situation  larvae  have  never  been  found,  indicates  that  they 
do  not  necessarily  hibernate  in  the  field  in  which  they  breed,  and 
furthermore  that  they  do  fly  away  from  their  breeding  grounds. 

REMEDIES. 

A  great  number  of  beetles  have  been  taken  at  lights,  which  would 
indicate  that  a  powerful  light  trap  situated  in  the  vicinity  of  the 
infested  field  might  materially  reduce  them.  In  the  early  fall,  when 
they  are  flying  in  search  of  hibernating  quarters,  it  is  possible  that 
the  light  trap  would  catch  large  numbers. 

Judging  from  the  conditions  of  fields  in  which  they  have  been  ob- 
served hibernating  in  large  numbers,  the  cleaning  up  of  aU  rubbish  in 
the  cornfields  early  in  the  fall,  especially  in  fields  for  very  late  com, 
would  prove  an  effective  remedy  as  a  protection  for  the  succeeding 
crop.  The  fact  that  large  numbers  were  observed  in  the  vicinity  of 
cotton  gins  would  suggest  that  the  managers  of  cotton  gins  might  use 
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their  rubbish  and  trash  for  boiler  fuel  and  thus  destroy  a  great  numba 
of  the  beetles. 

Ordinarily  the  beetles  attack  a  field  of  com  when  it  is  very  young 
and  destroy  it  before  the  farmer  becomes  aware  of  their  presence. 
No  remedy  has  been  found  that  can  be  recommended  in  combating 
them  after  they  enter  the  cornfield.  If  the  crop  is  so  badly  dam- 
aged as  to  be  worthless  it  can  be  replanted  with  safety  from  damage 
by  this  insect  about  one  month  after  the  regular  planting  time 
Within  a  few  days  after  they  have  killed  out  the  &rst  planting  th^ 
will  leave  the  field,  thus  making  it  safe  to  replant. 

From  all  the  writer  has  been  able  to  observe  or  learn  the  beetles 
leave  their  hibernating  quarters  in  early  spring,  depositing  their  eggs 
about  young  com  plants  as  soon  as  these  are  available  for  their  pur- 
pose. It  would  also  appear  that  the  season  of  oviposition  is  prolonged 
and  that  it  is  these  overwintering  beetles  that  feed  upon  and  destroy 
the  com  plants  while  thus  engaged.  This  would  l^ad  to  the  some- 
what anomalous  assumption  that  the  parent  beetle  under  stress  of 
hunger  destroys  the  food  plant  of  the  larv»,  which  if  true  would 
account  for  the  very  erratic  occurrence  of  the  outbreaks  of  this  pest. 

As  an  additional  suggestion,  the  fact  that  the  beetles  appear  and 
disappear  with  considerable  regularity  from  south  to  north,  taken 
together  with  the  fact  that  com  planted  three  or  four  weeks  after 
the  usual  planting  season  has  escaped  attack  of  the  beetle,  would 
indicate  that  something  might  be  gained  by  delaying  com  planting 
in  localities  where  beetles  have  been  injurious  the  previous  year. 

Mr.  E.  H.  Gibson,  in  his  experimental  work  with  this  species  in  the 
vicinity  of  Charleston,  Mo.,  dining  late  April  and  early  May,  1915, 
reports  having  found  that,  after  repeated  trials  under  varying  con- 
ditions, carried  out  with  check  experiments,  the  beetles  can  be  readily 
destroyed  by  a  poisoned-bran  bait,  consisting  of  25  pounds  of  wheat 
bran,  1  poimd  of  Paris  green,  1  gallon  of  low-grade  molasses,  and 
the  juices  of  3  oranges,  with  enough  water  to  bring  the  mixture  to  a 
stiff  dough.  The  best  success  in  the  use  of  this  poisoned  bait  was 
obtained  when  applied  in  the  late  afternoon.  It  would  seem  that 
this  measure  might  be  an  extremely  practical  one  if  applied  to  the 
restricted  areas  from  which  the  beetles  frequently  spread,  the  bait 
being  scattered  lightly  on  the  ground  among  the  plants  where  the 
beetles  are  at  work. 
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INTRODUCTION. 

In  this  bulletin  are  given  the  data  obtained  from  different  methods 
of  seed-bed  preparation  for  barley  and  a  study  of  the  cost  of  produc- 
tion imder  each  of  the  various  methods.     Investigations  have  been 

1  All  of  the  members  of  the  scientific  staff  of  the  Office  of  Dry-Land  Agriculture  have  contributed 
more  or  less  to  this  i>aper  by  having  charge  of  field  investigations  and  by  assisting  in  the  preparation  of 
data  for  records  or  for  publication.  The  scientific  staff  as  at  present  constituted  consists  of  the  following 
members,  named  in  the  order  of  length  of  service:  W.  W.  Burr.  Denver.  Colo.;  E.  F.  Chilcott.  Woodward. 
Okla.;  O.J.  Grace, Akron.  Colo.;  J.  8.  Cole,  Denver.  Colo.;  J.  M. Stephens.  Moccasin.  Mont.;  A. L.  Hall- 
sted,  Hays.  Kans.;  O.  R. Mathews.  Belle  Fourche.  8.  Dak.;  J.  C. Th3rsell.  Dickinson.  N.  Dak.;  M.  PiiEwnder. 
Mandan.  N.  Dak.;  H.  C.  McKinstry.  Hettinger.  N.  Dak.;  W.  M.  Osbom.  North  Platte.  Nebr.;  W.  D. 
Griggs,  Dalhart.  Tex.;  C.  A.  Burmeister.  Amarillo.  Tex.;  J.  E.  Mundell.  Big  Spring.  Tex.;  F.  L.  Kelso. 
Ardmore.S.  Dak.;  W.  A.  Peterson .  Mandan.  N.  Dak.;  J.  T.  Sarvis,  Ardmore,  S.  Dak.;  G.  W.  Morgan. 
Huntley.  Mont.;  J.  U.  Jacobson,  Mitchell.  Nebr.;  H.  G.  Smith,  Tucumcari,  N.  Max.;  L.  N.  Jensen, Wood- 
ward. Okla.;  J.  G.  Lill.  Garden  City.  Kans.;  R.  S.Towle.  Edgoley.  N.  Dak.;  A.  J.  Ogaard.  Williston.  N. 
Dak.;  C.  B.  Brown.  Dalhart.  Tex.;  L.  D.  WUley,  Archer,  Wye;  J.  B.  Kuska.  Colby.  Kans.;  and  A.  E. 
Beamans,  Akron.  Cok>. 

The  following-named  men  have  held  positions  on  the  sdentiflc  staff  of  the  Office  of  Dry-Land  Agriculture 
during  the  past  nine  years,  but  have  resigned  or  have  been  transferred  to  other  offices  of  the  Department  of 
Agriculture:  Sylvester  Balz.  F.  L.  Kennard.  J.  E.  Payne.  L.  £.  Hazen.  C.  A.  Jensen.  H.  R.  Reed.  W.  O. 
Whitcomb.  C.  H.  Plath,  F.  Knorr.  and  R.  W.  Edwards. 

The  data  here  reported  from  the  stations  in  Kansas,  Nebraska.  North  Dakota,  and  Montana  have  been 
obtained  in  cooperation  with  the  agricultural  experiment  stations  of  their  respective  States.  In  South 
Dakota.  Colorado.  Texas.  Oklahoma,  and  New  Mexico  the  stations  are  operated  by  the  United  States 
Department  of  Agriculture. 

Fkld.  office,  and  laboratory  facilities,  teams,  and  implements  have  been  provided  by  the  Office  of  Western 
Irrigation  Agriculture,  at  Huntley.  Mont..  Belle  Fourche,  S.  Dak.,  and  Mitchell.  Nebr..  and  by  the  Office 
of  Cereal  Investigations  at  Amftrlllo,  Tex.,  and  Archer,  Wyo.  The  Biophysical  Laboratory  has  cooperated 
In  obtaining  the  meteorological  data  reported. 

Note.— This  bullethi  is  intended  for  all  who  are  interested  in  the  agricultural  possibilities  of  the  Great 
Plains  area. 
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conducted  at  fourteen  different  stations  in  the  Great  Plains  sm^ 
Barley  has  been  grown  to  a  minor  extent  in  the  rotations  at  all  sta- 
tions, although  it  has  not  been  considered  as  important  a  crop  as 
either  wheat  or  oats. 

At  some  of  the  stations  the  work  has  been  continuous  for  eight 
years;  at  other  stations  it  has  been  but  recently  started.  The 
results  of  the  first  year's  work  at  any  station  are  not  used,  as  the  land 
is  uniform  in  preparation  for  all  plats.  From  the  stations  having  tiie 
longer  records  the  results  are  the  most  valuable,  since  they  include 
a  greater  range  of  climatic  conditions.  Where  a  short  record  is  given 
it  can  show  only  the  effect  of  the  different  tillage  methods  under  the 
particular  combinations  of  climatic  factors  obtaining  during  that 
time.  The  crop  on  any  series  of  plats  having  the  same  methods  of 
tillage  may  behave  quite  differently  under  the  combinations  of 
climatic  factors  that  may  occur  in  succeeding  years.  The  relative 
position  assumed  by  the  various  methods  in  the  first  year's  results 
may  or  may  not  [be  changed  from  that  arrangement  by  subsequent 
work.  It  is  certain,  however,  that  the  range  of  difference  between 
the  methods  will  vary  with  changing  climatic  factors.  "Wide  differ- 
ences in  yields  between  methods  that  may  be  shown  in  a  short  record 
will  tend  to  be  narrowed  as  the  length  of  the  record  is  increased. 

The  method  of  work  adopted  was  that  of  raising  the  standard  crops 
of  each  station  both  in  rotations  and  by  different  methods  of  prepara- 
tion under  systems  of  continuous  cropping.  In  no  case  have  rotations 
requiring  more  than  six  years  been  used.  Those  of  even  this  length 
have  been  tried  only  when  sod  of  tame-grass  crops  is  included. 
More  of  the  work  has  been  done  with  3-year  and  4-year  rotations. 

In  this  bulletin  are  shown  only  the  crop  inunediately  preceding 
and  the  tillage  involved  in  preparing  the  seed  bed  for  barley.  In  the 
present  stage  of  development  of  the  work  the  effect  of  the  imme- 
diately preceding  crop  and  of  the  method  of  handling  its  stubble 
in  preparing  the  seed  bed  greatly  overshadows  the  effects  of  the  ro- 
tations considered  as  units.  Some  of  the  rotations  are  calculated  to 
conserve  or  to  accumulate  fertiUty  and  organic  matter  in  the  soU, 
while  others  may  perhaps  deplete  it,  but  on  the  naturally  fertile 
soils  of  the  Plains  such  residts  are  not  strongly  shown  in  the  first 
years  of  treatment.  The  controllable  factors  that  exert  the  greatest 
influence  on  production  are  the  water  supply,  the  physical  condition 
of  the  seed  bed,  and  a  recognized,  if  not  understood,  effect  of  the 
immediately  preceding  crop.  The  crop  of  a  single  year  brings  the 
land  back  to  so  near  uniformity  in  these  factors,  that  their  probable 
residual  effect  is  not  great  enough  with  the  work  in  hand  to  introduce 
serious  error  into  the  study  here  made. 

This  bulletin,  which  deals  with  only  one  crop,  does  not  afford  any 
criterion  by  which  to  judge  the  agricidtural  possibilities  of  any  sec- 
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tion  of  the  region  for  other  crops.  The  fact  that  the  combination 
of  soil  and  climatic  conditions  in  certain  sections  is  not  favorable 
to  the  production  of  barley  does  not  signify  that  such  conditions  will 
prove  unfavorable  to  other  crops. 

IMPORTANCE  OF  BARLEY  AS  A  GRAIN  CROP. 

In  some  sections  of  the  r^on  barley  has  not  been  considered 
strictly  as  a  market  crop,  but  rather  as  a  feed  crop.  In  certain 
parts  of  the  Northwest  it  has  been  grown  quite  extensively  as  a 
market  crop.  The  price  is  usually  determined  by  the  quality  of  the 
barley  from  a  brewing  standpoint,  the  demand  being  for  a  product 
that  is  imiform,  well  matured,  and  of  good  color.  Certain  sections 
of  the  dry-land  regions  afford  opportunity  to  grow  barley  of  good 
quality,  especially  in  those  years  when  conditions  are  favorable  for 
tiie  production  of  a  good,  plump  berry.  The  dry  weather,  with  the 
absence  of  dews,  gives  good  conditions  xmder  which  to  harvest  the 
crop  without  injury  to  quality  or  color.  In  the  main,  however, 
barley  has  been  grown  in  the  Great  Plains  as  feed  rather  than  as  a 
market  crop. 

Barley  has  the  advantage  of  requiring  on  the  average  a  shorter 
growing  season  than  either  oats  or  wheat,  and  is,  therefore,  exposed 
for  a  shorter  length  of  time  to  the  unfavorable  climatic  conditions 
likely  to  occur.  When  seeded  at  approximately  the  same  time  as 
oats,  it  will  ripen  with  or  before  the  earliest  oats.  The  variety  of 
barley  which  is  grown  determines  somewhat  the  length  of  the  growing 
season,  but  the  forgoing  appUes  to  the  average  barleys.  Earliness 
of  maturity  may  be  of  considerable  importance  in  enabling  a  crop  to 
escape  drought. 

AREA  INCLUDED  IN*THESE  INVESTIGATIONS. 

The  area  included  in  these  investigations  covers  a  part  of  10  States, 
viz,  Montana,  North  Dakota,  South  Dakota,  Wyoming,  Nebraska, 
Colorado,  Kansas,  Oklahoma,  Texas,  and  New  Mexico.  It  extends 
from  the  ninety-eighth  meridian  of  longitude  to  the  foothills  of  the 
Rocky  Mountains  and  from  the  Canadian  border  to  the  thirty-second 
parallel. 

The  altitude  varies  from  approximately  1,400  feet  in  the  northeast- 
em  part  of  the  area  to  6,000  feet  at  Cheyenne,  Wyo.  These  repre- 
sent the  highest  and  the  lowest  altitudes.  The  southern  portion  of 
the  territory  has  a  higher  average  altitude  and  higher  average  rainfall 
and  a  correspondingly  higher  rate  of  evaporation  than  the  northern 
portion.  The  average  annual  precipitation  at  the  various  stations 
varies  from  about  15  to  21  inches. 

Figure  1  shows  the  location  of  the  various  field  stations  within 
the  area  which,  as  outlined,  is  boxmded  on  the  west  by  the  5,000-foot 
contoiu:  and  does  not  include  Archer,  Wyo. 
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CLIMATIC  CONDITIONS; 

The  climate  of  the  Great  Plains  has  been  classified  as  semiarid. 
It  may  be  better  to  say  that  it  is  changeable,  varying  from  season 
to  season  from  almost  humid  to  almost  arid,  with  a  relatively  low 
mean  annual  precipitation.    Years  of  relatively  high  precipitation 

may  be  followed  by 
years  of  rdativdy 
low  precipitation. 
Other  climatic  factors 
usually  correspond  to 
the  rainfall.  A  year 
ofrelativelyhighrain- 
f  all  will  have  a  lower 
rate  of  evaporation 
and  higher  relative 
humidity  than  will  be 
found  in  the  unfavor- 
able years. 

Another  climatic 
factor  of  much  im- 
portance in  crop  pro- 
duction on  the  Plains 
is  the  distribution  of 
the  rainfall,  which 
within  certain  limits 
is  more  important 
than  the  total 
amount.  A  relatively 
low  rainfall  properly 
distributed  may  pro- 
duce a  crop  where  a 
much  higher  rainfall 
coming  with  unf  avoi^ 
able  distribution  may 
result  in  a  crop  fail- 
ure, eachstartingwith 
the  same  amount  of 
available  water  in  the 
soil.  A  vast  difference  in  crop  yields  usually  results  from  a  soil  that 
starts  out  in  the  spring  with  a  small  amount  of  stored  moi3ture  and 
one  that  is  well  supplied  with  moisture. 

Space  in  this  bulletin  will  not  allow  a  full  description  or  record  of 
the  climatic  conditions  at  the  various  stations  during  the  time  cov- 
ered by  these  investigations.  These  records  are  published  by  the 
United  States  Weather  Bureau. 


Fio.  1.— Sketch  map  of  the  Great  Plafais  area,  which  includes  parts 
of  ten  States  and  consists  of  abont  400,000  square  mfles  of  territory. 
Its  western  boundary  is  indicated  by  the  5,000-foot  contour.  The 
location  of  each  field  station  within  the  area  is  shown  by  a  dot 
within  a  circle  (0). 
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Seasonal  yariation  in  climatic  factors  is  probably  more  important 
than  difference  in  methods  of  tillage.  This  is  shown  by  the  fact  that 
in  some  year^  climatic  conditions  at  some  stations  are  such  that  all 
methods  result  in  failures.  In  other  years  all  methods  may  give 
fair  returns.  At  some  stations  the  greatest  actual  increases  in  yield 
as  a  result  of  tillage  methods  is  usually  obtained  under  the  most 
favorable  climatic  conditions.  In  Table  I  are  given  the  maximum, 
minimum,  and  average  annual  and  seasonal  precipitation  and  sea- 
scmal  evaporation.  By  seasonal  is  meant  the  time  between  the  aver- 
age seeding  and  the  average  harvesting  dates.  No  attempt  is  made 
to  show  other  dimatic  factors,  though  all  are  important. 

Table  I. — Annual  and  $easonal  preeipiUUion  and  seasonal  evaporation  at  fourteen  ztor 
turns  in  the  Great  Plains  area} 


Statkm. 


Alti- 
tnde 

(feet); 


Precipitation  (inches).* 


Annual. 


Mlni- 
mam. 


Maxi- 
mum. 


Aver- 
age. 


Seasonal. 


Mini- 
mum. 


Maxi- 
mum. 


Aver- 
age. 


Seaaooal  evaporation 
(inches)." 


Mini- 


Maxi- 
mum. 


Arep- 
age. 


Judith  Basin.. 

Huntley 

WnUston 

DickiDflon 

Edgeley. 

HeltlnKer 

Belle  Foorche. 
Scottsbluff.... 
North  Platte.. 
Akron........ 

Hays 

Garden  City.. 

Dalhart 

Amarillo 


4,228 
3,000 
1,875 
2,548 
1,468 
2.253 
2,950 
3,950 
3,000 
4,600 
2,060 
2,900 
4,000 
3,676 


14.96 
11.92 
10.28 
11.93 
11.94 
12.72 
6.64 
13.77 
11.18 
14.51 
15.50 
11.82 
13.69 
10.69 


23.78 
11.92 
18.99 
21.22 
21.95 
15.68 
17.73 
18.51 
23.01 
22.46 
27.80 
23.58 
16.35 
27.80 


18.06 
11.92 
14.84 
16.69 
16.71 
14.20 
13.11 
16.14 
18.05 
18.28 
21.30 
18.54 
15.11 
18.28 


6.50 
6.00 
5.62 
5.31 
5.06 
8.82 
1.92 
5.56 
4.38 
5.32 
3.87 
6.01 
4.54 
5.08 


10.90 

7.36 
12.00 
16.27 
15.73 
12.89 
12.75 

8.26 
11.25 

9.52 
12.87 

8.16 
14.86 
11.49 


8.62 
6.18 
8.31 

10.06 
0.60 

10.69 
6.82 
7.11 
7.77 
7.82 
9.55 
6.85 
8.17 
7.05 


19.117 
19.820 
21.104 
18.379 
17.664 
20.111 
23.627 
24.698 
25.954 
25.917 
29.390 
83.315 
33.381 
32.305 


26.273 
20.504 
28.269 
27.366 
25.362 
24.248 
33.906 
26.647 
36.255 
32.691 
41.317 
38.926 
41.002 
40.704 


21.330 
20.207 
24.705 
22.377 
20.667 
22.430 
27.220 
25.718 
30.268 
28.781 
32.628 
35.332 
38.596 
36.709 


1  The  years  covered  are  the  same  as  for  the  data  shown  in  the  other  tables  for  each  station. 

s  The  altitude  given  is  for  the  field  where  the  work  was  done  and  is  based  in  most  cases  on  that  of  the 
nearest  town. 

•  The  record  of  annual  precipitation  for  1914  is  not  included.  The  records  of  seasonal  prectoitation  and 
evaporation  for  1914  are  included  for  all  stations,  the  evaporation  being  figured  from  Apr.  1  to  July  31. 
The  seasonal  rainHall  is  the  amount  fh>m  Ai>r.  1  to  July  31  for  stations  north  of  and  including  that  at  Belle 
Fourche.  Forstationssouthof  Belle  Fourche  it  is  the  amount  between  Mar.  land  June  30.  Evaporation 
measurements  are  made  ttom  a  free  water  surface,  in  a  tank  sunk  into  the  sou  to  almost  its  full  d^th. 
The  water  suxfMse  is  kept  about  level  with  the  surface  of  the  ground. 

GENERAL  PLAN  OF  THE  INVESTIGATIONS. 

In  the  work  at  the  various  stations  barley  has  been  grown  under 
a  number  of  different  tillage  methods,  but  has  not  occupied  as  many- 
plats  as  the  other  crops. 

The  same  variety  of  barley  has  been  grown  on  all  the  plats  seeded 
to  that  crop  at  the  same  station  during  the  same  year.  The  aim  has 
been  to  grow  a  variety  adapted  to  the  local  conditions  at  the  station 
where  it  has  been  grown.  Different  varieties  have  been  grown  at  dif- 
ferent stations.  At  some  stations  a  6-rowed  barley  has  been  used, 
some  stations  have  used  a  2-rowed  barley,  and  some  have  used  a  hull- 
less  variety.    It  is  possible  that  in  some  cases  the  variety  grown  may 
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not  have  been  the  very  best  obtainable  for  that  section,  but  by  uaiDg 
the  same  variety  in  all  of  the  methods  under  study  uniformity  in  this 
factor  has  been  obtained. 

Uniformity  in  rate,  time,  and  manner  of  seeding  has  been  obser^ 
on  all  plats  at  the  same  station.  There  is  naturally  some  Tariation 
between  the  different  stations.  Differences  in  climatic  conditions 
have  been  recognized  in  differences  in  the  rate  of  seeding,  but  at  the 
same  stations  it  has  been  imiform.  The  usual  rate  of  seeding  has 
been  6  pecks  of  hulled  barley  and  3  pecks  of  hi]114e6s.  Both  the  6-row6d 
and  the  2-rowed  barleys  are  hulled  varieties. 

There  is  considerable  variation  in  the  time  of  seeding  for  the  differ- 
ent field  stations  throughout  the  area,  it  being  about  a  month  eariier 
in  the  southern  than  in  the  northern  portion.  At  some  of  the  sta- 
tions the  time  of  seeding  is  about  the  same  as  that  of  wheat  and 
oats.  At  others  it  is  a  httle  later.  All  seeding  has  been  done  with 
a  drill.  Some  stations,  on  account  of  the  type  of  soil,  have  used  the 
press  drill  in  order  to  firm  the  soil  around  the  seed.  At  other  stations 
a  drill  without  a  press  attachment  has  been  used. 

For  a  comparative  study  of  the  effect  of  environment  and  for 
securing  data  on  production,  certain  parts  of  the  work  are  made 
imiform  at  all  stations.  This  results  in  the  attempted  growth  of  bar- 
ley and  other  crops  in  sections  to  which  they  are  not  adapted  and  in 
their  growth  at  certain  stations  by  methods  not  adapted  to  the  con- 
ditions obtaining  there. 

Ck)nsidering  the  fact  that  no  two  stations  can  have  exactly  the 
same  combination  of  soil  and  climatic  factors  and  that  the  combi- 
nation resulting  from  any  two  seasons  is  not  the  same,  it  is  evident 
that  the  consequent  effects  of  the  different  tillage  methods  wiQ  not  be 
the  same.  Therefore,  the  results  obtained  from  different  methods 
at  each  station  are  given  separately. 

In  this  bulletin  a  table  divided  into  two  parts  is  presented  for  each 
station.  The  first  part  shows  the  yields  that  have  been  obtained 
each  year  by  each  of  the  different  methods  under  which  barley  has 
been  grown,  considering  only  the  treatment  during  the  one  year  imme- 
mediately  preceding  the  crop.  Where  more  than  one  plat  has  been 
grown  imder  the  same  treatment  for  the  previous  year,  only  the  aver- 
age yield  of  the  whole  number  of  plats  so  grown  is  given.  Column  2 
shows  the  number  of  plats  so  averaged.  In  the  presentation  of 
yields,  the  column  headed  ''Treatment  and  previous  crop"  indicates 
the  method  of  preparation,  whether  fall  plowed,  spring  plowed,  listed, 
subsoiled,  disked,  green  manured,  or  summer  tilled.  Some  of  these 
are  again  subdivided,  to  show  the  previous  crop.  In  the  last  column, 
where  the  average  appears  imder  the  heading  "Average,"  the  calcu- 
lation is  from  the  left.    For  a  rough  comparison  of  seasons,  the  bot- 
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torn  line  of  the  first  half  of  the  table  gives  the  averages  of  all  plats 
for  each  year,  the  average  of  the  yearly  average  yields  appearing  in 
the  last  column  to  the  right. 

In  the  second  part  of  the  table  for  each  station  the  yields  are  brought 
together  to  show  the  average  yields  by  years  for  each  method  and  the 
average  yield  for  the  entire  period  for  each  method.  The  computa- 
tions of  cost  and  profit  are  founded  on  the  basic  data  shown  in  Tables 
II,  III,  and  IV.  The  value  of  the  average  yields  by  each  method  is 
calculated.  The  last  line  of  the  table  gives  the  average  profit  or  loss 
resulting  from  the  production  of  barley  by  the  method  stated  at  the 
head  of  the  column.  Loss  is  indicated  by  the  minus  sign.  This 
study  deals  with  only  the  one  crop  and  does  not  take  into  considera- 
tion the  relative  profitableness  of  other  crops  or  of  aU  crops,  considered 
as  a  whole,  in  the  fanning  system. 

Throughout  the  tables,  where  barley  follows  barley  under  any 
treatment,  it  is  in  a  system  of  continuous  cropping  to  barley  by  the 
method  indicated. 

The  methods  of  operation  have  been  similar  at  aU  stations.  Fall 
plowing  is  done  as  early  as  practicable  after  harvest.  It  is  done  to  a 
good  depth,  the  standard  being  set  at  8  inches.  Groimd  may  be  either 
worked  down  or  left  rough  over  winter.  Where  barley  follows  barley 
after  spring  plowing,  the  stubble  is  undisturbed  until  spring,  when  it 
is  plowed  shallow,  usually  to  a  depth  of  4  inches,  and  given  a  mini- 
mum  of  cultivation,  which  usually  consists  of  one  or  two  harrowings. 
In  those  cases  where  an  additional  plat  appears  under  the  heading 
"Spring  plowed,''  it  is  plowed  deep  instead  of  shallow. 

Under  the  subhead  ''Listed"  there  is  shown  at  some  stations  tiie 
yield  from  one  plat  continuously  cropped  to  barley.  Instead  of  plow- 
ing this  plat,  it  is  furrowed  out  with  a  lister  at  the  time  of  fall  plowing. 
It  is  cultivated  down  level  by  seeding  time. 

Under  the  subhead  "Subsoiled"  there  is  shown  at  the  stations 
where  it  has  been  tried  the  results  of  a  plat  continuously  cropped  to 
barley.  At  the  time  of  plowing,  a  subsoil  plow  is  run  in  the  bottom 
of  the  fiuTOw,  usually  loosening  the  soil  to  a  total  depth  of  about  14 
inches.  The  variation  from  this  depth  is  hardly  more  than  2  inches 
either  way.  In  general,  subsoihng  has  been  done  for  two  years  in 
succession  and  omitted  for  two  years. 

Under  the  subhead  "Disked"  are  given  the  yields  obtained  on 
com  stubble  prepared  by  disking.  The  com  is  harvested  in  the  fall 
with  a  com  binder  and  no  tillage  given  the  plat  imtil  spring.  Then 
it  is  disked  to  put  it  in  condition  for  seeding. 

Under  the  subhead  "Green  manured"  are  given  the  yields  of 
barley  following  the  plowing  under  of  rye  or  peas,  as  specified.  This 
treatment  is  in  a  4-year  rotation  in  which  one  of  the  other  crops 
consists  of  com  and  one  of  small  grain. 
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At  each  station  at  least  one  plat  of  barley  is  grown  on  summer- 
tilled  land.  The  method  of  summer  tillage  practiced  has  been  of  the 
intensive  type.  The  groimd  is  fall  plowed,  and  clean  cultivation  is 
continued  through  the  next  year  and  imtil  the  barley  is  seeded  in  the 
second  spring.  In  some  cases  it  is  necessary  to  replow  during  the 
smnmer,  when  the  land  is  fallow.    At  other  stations  summer-tilled 

plats  are  plowed  but 
once.  Experiments  not 
here  reported  are  under 
way  to  ascertain  the  best 
method  of  fallowing. 
Indications  are  that 
equally  good  results  can 
be  obtained  with  a  less 
intensive  method  than 
has  been  practiced. 

The  yields  given  in 
these  tables  begin  with 
the  second  year  of  crop 
production  at  each  sta- 
tion. All  crops  are  pro- 
duced the  first  year  on 
land  under  uniform  treat- 
ment. In  some  cases 
an  entire  crop  has  been 
lost  by  hail.  Tliese 
years  are  not  considered 
in  computing  averages, 
as  the  crops  under  all 
methods  alike  were  de- 
stroyed. 

Figure  2  shows  dia  a- 
gram  of  the  dry-land 
rotation  field  at  the 
AmariUo  Field  Station. 
This  station,  being  a  representative  one,  will  serve  to  illustrate  the 
general  scheme  and  plan  of  work.  The  plats  here,  as  in  all  the 
work,  are  one-tenth  acre  in  size.  Their  dimensions  are  2  by  8  rods. 
Along  their  larger  dimension  the  plats  are  separated  by  bare  alleys  4 
feet  in  width.  Along  the  ends  of  the  plats  they  are  separated  by 
roads  20  feet  wide.  At  this  station  five  crops  are  represented  in  a 
series  of  continuously  cropped  plats  lettered  from  A  to  F  or  G.  In 
this  group  plats  C  and  D  are  alternately  cropped  and  sununer  tilled, 
so  that  each  year  a  crop  is  grown  on  land  that  was  summer  tilled  the 
previous  year  and  a  plat  is  summer  tilled  for  cropping  the  next  year. 


Fig.  2.— Diagram  of  the  dry-land  rotation  field  at  the  Amarillo 
Field  Station.  The  lettering  shows  the  cropping  practiced  in 
1914.  The  explanation  of  the  abbreviations  used  after  the  name 
of  a  crop  is  as  follows:  D.»  Disked,  JW.»- summer  tilled,  F.P.«- 
faU  plowed,  Q,  Jf.— green  manured,  2/.°- listed,  IT.— manured, 
3,  P.-spring  plowed,  8,  ^S.-subeoiled. 
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The  remainder  of  the  field  is  in  rotations  in  which  each  plat  is 
known  by  a  rotation  number  and  letter.  On  the  field  diagram  the 
separation  of  the  rotations  is  indicated  by  heavy  lines. 

The  movement  of  the  crops  in  the  rotation  is  in  the  direction  from 
Z  to  A  and  from  A  back  to  the  letter  that  marks  the  other  end  of  the 
rotation. 

In  figure  2  the  diagram  is  filled  out  to  show  the  cropping  in  1914. 
The  letters  following  the  crop  indicate  the  treatment  given  the  groxmd 
in  preparation  for  it,  S.  P.  standing  for  spring  plowed,  F.  P.  for  fall 
plowed,  Fal.  for  summer  tilled,  G.  M.  for  green  manured,  S.  S.  for 
subsoiled,  L.  for  listed,  and  D.  for  disked.  To  illustrate:  In  1914 
plat  A  of  the  4-year  rotation  No.  91  was  in  com  on  faU-plowed 
ground,  plat  B  was  in  oats  on  disked  com  groxmd,  and  plat  C  was  in 
peas  on  fall-plowed  land.  This  would  be  plowed  under  for  green 
manure.  Plat  D  was  in  winter  wheat  where  peas  had  been  turned 
under  the  year  before.  In  1915,  A  will  be  in  oats,  B  in  peas,  C  in 
winter  wheat,  and  D  in  com. 

COMPARISON  OP  CULTURAL  METHODS  ON  THE  BASIS  OP  COST. 

The  methods  imder  study  vary  a  great  deal  in  the  labor  involved 
and  in  the  consequent  cost  of  preparation.  Table  IV  has  therefore 
been  compiled  in  order  to  show  the  average  cost  by  the  methods  xmder 
study  as  determined  from  the  data  of  eigl\t  of  the  stations  having  the 
most  trustworthy  records.  An  average  of  the  records  for  5i  years 
at  each  station  has  been  used  in  compiling  this  table.  This  is  equiva- 
lent to  a  record  of  44  years  at  one  station.  An  accurate  record  has 
been  kept  of  all  the  farm  operations  performed  xmder  the  various 
methods  xmder  trial.  These  have  been  averaged  for  the  eight  stations. 
The  amoxmt  of  work  reqxiired  for  some  methods  of  treatment  varies 
with  the  season  and  with  the  soil,  and  the  expense  of  some  operations 
varies  with  the  soil.  The  amoxmt  of  labor  performed  xmder  each  of 
the  methods  was  neither  more  nor  less  than  that  which  the  man  in 
charge  believed  to  be  necessary  to  bring  about  the  resxilts  soxight. 

In  computing  the  costs  of  the  varioxis  operations  a  fixed  wage  of 
$2  a  day  for  a  man  and  $1  a  day  for  a  horse  was  adopted.  This 
may  be  above  or  below  the  actual  labor  cost  in  any  particxilar  locality, 
but  it  is  believed  to  be  a  fair  average  and  one  that  wiU  aflford  a  prof- 
itable market  to  the  farmer  for  his  labor.  The  time  required  for 
men  and  teams  to  cover  a  given  acreage  in  each  of  the  several  farm 
operations  obvioxisly  varies  with  soils  and  other  conditions.  The 
average  shown  in  Table  II  has  been  determined  from  the  actual  ex- 
perience of  a  large  nxmiber  of  men  connected  with  these  investigations, 
which  experience  has  extended  over  a  wide  range  of  conditions  and 
many  years  of  time. 

87710^--Bull.  222—15 2 
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The  factors  included  in  the  cost  of  production  are  calculated  on  an 
acre  basis  for  each  of  the  separate  operations  performed,  b^inning 
with  the  preparation  of  the  land  and  ending  with  the  harvesting  and 
shocking  of  the  grain.  To  these  items  are  added  the  cost  of  seed  at 
75  cents  per  acre,  interest  and  taxes  on  the  land  investment  calculated 
at  8  per  cent  on  a  valuation  of  $20  per  acre,  and  the  deterioration  and 
repair  of  the  binder  at  15  cents  per  acre.  No  allowance  is  made  for 
the  deterioration  of  other  farm  equipment,  as  it  is  believed  that  die 
wages  allowed  for  men  and  teams  are  sufficient  to  cover  this  item 
for  the  remainder  of  the  equipment.  The  above-mentioned  items  are 
fixed  charges  per  acre;  that  is,  they  do  not  vary  greatly  with  the 
yield  per  acre  except  for  the  item  of  twine,  but  this  variation  is  not 
sufficient  to  materially  affect  the  relative  total  cost  of  production 
xmder  the  several  methods. 

Table  II  shows  the  cost  per  acre  based  upon  what  is  considered  an 
average  day's  work  for  each  of  the  farm  operations  involved  at  the 
above-mentioned  wage.  As  before  stated,  the  type  of  soil  and 
seasonal  conditions  wiU  determine  to  a  certain  extent  the  labor  re- 
quired and  the  consequent  cost  per  acre.  The  cost  of  production  as 
computed  in  Tables  II  and  IV  is  not  offered  as  being  absolute  for  any 
locality,  either  in  the  amoimt  of  labor  required  or  its  cost,  but  is  given 
as  a  working  basis  for  the  comparison  of  the  residts  by  different 
methods  of  preparation. 

Table  II. — Average  cost  per  acre  >  of  the  farm  operaticns  involved  in  arrowing  harleff 

in  the  ureat  Plains  area, 

[The  wage  scale  assumed  is  $2  per  day  for  each  man  and  II  per  day  for  each  boise.] 


Operation. 


Force  employed. 


Men.       Horses. 


D^s 
work. 


Item 
cost. 


Cost  par 


Plowing 

Disking 

Harrowing 

Sabsoiling 

Drilling 

Cultivating 

Listing 

Harvesting: 

Cutting  and  binding 

Shookmg 

Twine 

Binder  wear  and  repair. 


Acm, 

V 

35 
H 
U 
16 
10 

15 


an 

.71 
.17 

.« 
.» 


10.40 
.13 
.25 
.15 


in 


1  The  oost  of  thrashing  is  not  induded  in  the  cost  per  acre,  bat  it  is  estimated  at  6  cents 
deducted  from  tlie  price  of  47  cents  in  the  granary,  tnus  giving  a  value  of  41  cents  per  bash 

The  average  farm  price  of  barley  used  in  these  computations  is 
based  on  the  data  given  in  Table  III,  furnished  by  the  Bureau  of 
Crop  Estimates.  The  four  States  of  North  Dakota,  South  Dakota, 
Nebraska,  and  Kansas  were  selected  because  their  extensive  grain 
production  has  given  them  established  market  prices  which  are  not 
greatly  influenced  by  local  conditions. 
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Tablx  m. — Average  price  of  barley  at  the  farm  granary  for  ten  years  in  four  States  of  the 

Great  Plains  area, 

[The  qootatioos  are  girantn  cants  per  bushel.    Those  for  the  year  1914  are  for  the  date  of  Nor.  1;  in  other 
years  Dec  1  is  taken  as  the  date.] 


Year. 

North 
Da- 
kota. 

Sooth 
Da- 
kota. 

Ne- 
hraska. 

Kan- 
sas. 

Aver- 
age. 

Year. 

North 
Da- 
kota. 

Sooth 
Da- 
kota. 

Ne. 
braska. 

Kan- 
sas. 

Aver- 
age. 

1106 

80 
33 
68 
46 
43 
66 

39 
32 
01 
47 
46 
67 

31 
31 
60 
46 
43 
46 

32 
33 
54 

64 
63 
45 

30| 

32 

55 

48} 

46 

50J 

1911 

85 
35 
40 
42 

88 
42 
46 
49 

60 
42 
49 
42 

60 
40 
55 

44 

73 

ig06 

1912 

'  89 

1907 

1913 

47 

190B 

1914 

44 

1909 

1910 

47 

50 

44 

47 

47 

Table  III  shows  that  the  average  farm  price  of  barley  on  December 
1  for  the  past  10  years  has  been  47  cents  per  bushel.  It  costs  about 
6  cents  per  bushel  to  take  the  gram  from  the  shock,  thrash  it,  and  put 
it  in  the  granary  on  the  farm.  This  cost  per  bushel  does  not  vary 
greatly  with  the  yield,  and  is  therefore  a  fixed  price  per  bushel  instead  of 
a  fixed  price  per  acre,  as  is  the  case  with  the  other  costs  of  production. 

The  relative  profits  of  producing  barley  under  the  different  methods 
can  therefore  be  best  determined  by  finding  the  difference  between 
the  fixed  cost  per  acre  and  the  value  per  acre  of  the  grain  at  the  point 
where  the  fixed  cost  per  acre  ends,  which,  as  before  stated,  is  when 
the  grain  is  in  the  shock.  Knowing  that  the  average  farm  value  of 
barley  in  the  granary  is  47  cents  per  bushel,  and  that  it  costs  6  cents 
per  bushel  to  take  it  from  the  shock,  thrash  it,  and  put  it  in  the  granary 
it  is  obvious  that  it  would  be  worth  41  cents  per  bushel  in  the  shock. 
This  valuation  of  41  cents  per  bushel  has  therefore  been  used  as  a 
basis  for  calculating  the  relative  crop  values,  costs,  and  profits  per 
acre  by  the  various  methods  imder  trial. 

Table  IV. — Cost  per  acre  of  producing  barley  in  the  shock  in  the  Great  Plains  area,  showing 
averages  of  data  from  eight  station. 


Nomber  of  pperations. 

Cost  of 

prepar 

ra- 

tion. 

Cost  per  acre. 

Total  cost  of 
production. 

Method  of 
preparation. 

Plow- 
tag. 

Har- 
row- 
ing. 

Di<tk- 
ing. 

Snb- 
soil- 
Ing. 

List, 
ing. 

Drill- 
ing. 

Seed. 

Drfll- 
ing. 

Har- 
vest- 
ing. 

Inter- 
est 
and 

taxes. 

In 
dollais. 

In 
grain 
at  41 
cents 
per 
bushel. 

Disked  corn  land. 

1.3 
1.6 
1.3 
2.3 
1.7 
9.2 

6.5 
5.8 

1 

1.2 
.5 
.9 
.9 

2.6 

2.4 

2.7 

10.97 
1.77 
2.31 
2.78 
3.39 
6.12 

7.73 
10.73 

10.75 
.75 
.75 
.75 
.75 
.75 

.75 
.75 

10.40 
.40 
.40 
.40 
.40 
.40 

.40 
.40 

SO.  93 
.93 
.93 
.93 
.93 
.93 

.93 
.93 

SI.  60 
1.60 
1.60 
1.60 
1.60 
3.20 

3.20 
3.20 

4.65 
6.45 
5.99 
6.46 
7.07 
11.40 

11.3 

Ltated 

1 

13.3 

Snbsoiled. 

1.5 

2 
2 

14.6 

15.8 

0.5 

17.2 

R^nimertnied 

27.8 

1 
1 

(^een  manured: 
With  rye ».... 

13.01 
16.01 

31.7 

With  peas  «... 

39.0 

Average  cost   of 
green    manor- 

14.51 

35.4 

1  The  cost  of  rye  per  acre  for  seed  is  estimated  at  II.  *  The  cost  of  peas  per  acre  for  seed  is  estimated  at  84. 
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In  conformity  with  the  foregoing  explanation,  Table  IV  gives  in 
detail  the  cost  of  producing  barley  in  the  shock,  expressed  in  dollais 
and  cents  and  in  bushels  per  acre  at  41  cents  per  bushel  in  the  shock. 

RESULTS  AT  THE  SEVERAL  STATIONS. 

No  attempt  wiQ  be  made  in  this  bulletin  to  discuss  the  vaiioas 
types  of  soils  found  at  the  seyeral  stations.^  It  wiQ  be  noted  in  Ae 
tables  that  follow  that  the  soils  at  some  of  the  stations  have  given  but 
little  response  to  differences  in  tillage  methods  under  any  dimatic 
conditions  thus  far  obtaining.  The  soils  at  some  other  stations  do 
respond  to  tillage.  Differences  in  yields  are  obtained  from  different 
methods  of  tillage.  The  amoimt  of  variation  in  yields  changes  from 
year  to  year  with  the  changing  combination  of  -climatic  conditions. 

JUDrm  BASIN  nSLD  STATION,  MONT. 

The  results  of  five  years  are  presented  from  the  field  station  at 
Moccasin,  Mont.,  in  the  Judith  Basin.  The  crop  in  the  sixth  year  was 
destroyed  by  hail  before  maturity  and  is  not  used  in  calculating  tbe 
averages.  Four  of  the  years  have  been  productive  of  heavy  yidds, 
but  in  the  other  year  the  yields  were  light. 

Barley,  like  the  other  spring-sown  grain  crops  at  this  station,  does 
not  exhibit  marked  differences  in  yield  as  a  result  of  different  prepara- 
tions for  the  crop.  In  1913  both  fall  and  spring  plowed  bariey  land 
show  a  marked  drop  in  yields.  In  1914  the  same  thing  is  noted  on  the 
spring-plowed  barley  plat.  This  was  due  to  injury  from  goph^s 
rather  than  to  the  difference  in  seed-bed  preparation.  This  damage 
with  the  consequent  shortage  of  yield,  tmduly  augments  the  avwage 
differences. 

The  uniformity  of  results  obtained  shows  that  the  method  of  seed- 
bed preparation  is  not  an  important  factor  in  the  production  of  spring- 
sown  crops  at  this  place.  The  farmer  should  concern  himself  with  the 
problem  of  getting  the  work  done  at  the  most  convenient  time  and  in 
the  most  economical  manner. 

The  lack  of  wide  variation  in  yield  is  explained  by  the  shallowness 
of  the  soil  on  the  station  farm.  The  water  that  falls  either  in  rain  or 
snow  between  the  time  of  harvest  of  one  crop  and  the  conmiencement 
of  rapid  growth  of  the  next,  during  the  years  imder  study,  was  suflS- 
cient  to  supply  the  proportion  of  water  that  the  soil  can  retain  within 
reach  of  the  crop.  Water  accumulated  in  the  soil  by  the  special 
methods  of  cultivation  in  excess  of  this  proportion  was  lost  by  p^ie- 
trating  beyond  recovery  by  the  plant,  and  no  increase  in  yield  was 
realized  from  it. 

1  For  a  brief  dbcuasion  of  the  different  soil  types,  see  U.  S.  Dept.  of  Agrieiiltare  Bui.  214, 
"  Spring  wheat  in  the  Great  Plains  area:  Relation  of  cultural  methods  to  produotiosi." 
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Tablb  V. —  Yields  and  cost  of  production  of  barley  by  different  methods  at  the  Judith 
Basin  Field  Station,  1909  to  19t4y  inclusive. 


Number 

of  plats 

averaged. 

Yield  per  acre  (bushels). 

Treatment  and  prerlons  crop. 

1909 

1910 

1911 

1912 

1918 

1914 

Aver- 

"Pall  nlowed :  Bariev 

1 

4S.3 

12.5 

24.1 

0) 

21.9 

18wO 

24  0 

Spring  plowed: 

1 
1 

45.2 
39.1 

10.0 
11.6 

23.9 

(0 

21.9 
31.7 

11.6 
21.2 

22.6 

o^7::::;::::;:;::;;::::::::: 

25.9 

Total  or  ayerage 

2 

42.2 

las 

23.9 

« 

26.8 

16.4 

24.0 

Listed:  Barley 

1 
1 
1 
1 

47.9 
48.3 
42.7 
49.4 

12.5 
15.0 
16.6 
15.8 

30.4 
32.6 
29.7 
27.5 

(0 

(») 

32.5 
32.9 
34.6 
32.7 

21.8 
2a5 
21.6 
25.8 

29.0 

Sabsolied:  Barley 

30.5 

Disked:  Com 

29  0 

8omm«r  tiii<^  „,,,,,,, 

30.2 

Avence  of  all  7  vlats.  > .  ^ .  > .  * . 

46.1 

13.4 

28.0 

0) 

29.7 

2a6 

27  8 

SnmcABT  or  Yiblds  and  Digest  or  Coerr. 


Tillage  treatment. 

Previous  crop. 

Yields,  Talues,  etc.  (aT«rage 
per  acre). 

Fall 
plowed 
flphrt). 

Splats). 

Disked 
(iplat). 

Listed 
(iplat). 

Bub- 

sofled 

(Iplat). 

Summer 

tnied 
(1  plat). 

Small 

grain 

(5  plats). 

Com 
(Iplat). 

Yields  of  grain: 

1909 bushels.. 

1910 do.... 

1911 do.... 

1912 do.... 

1918 do.... 

1914 do.... 

48.3 
12.5 
24.1 

&>.. 

18.0 

42.2 
10.8 
28.9 

16.4 

42.7 
16.6 
29.7 

??.. 

21.6 

47.9 
12.5 

ia4 

21.8 

48.8 
15.0 
82.6 

^. 

28.5 

49.4 
15.8 
27.5 

^r 

25.8 

44.8 
12.3 
27.8 

'&.. 

19.2 

42.7 
16.6 
29.7 

21.6 

Average. 

24.0 

24.0 

29.0 

29.0 

30.5 

30.2 

26.5 

29.0 

Cropralue^oostof  produetion,etc. : 

S9.84 
6.46 

S9.84 
5.90 

$11.89 
4.65 

$11.89 
5.45 

$12.51 
7.07 

$12.38 
11.40 

Cost 

Profit 

3.38 

3.85 

7.24 

6.44 

5.44 

.98 

1  Destrojred  by  halL       >  The  yield  from  this  plat  is  omitted,  owing  to  an  error  in  time  of  seeding. 

The  cost  of  production  and  the  value  of  the  crop  as  here  computed 
show  a  profit  by  all  methods  imder  trial.  The  profits  range  from  98 
cents  by  summer  tillage  to  $7.24  on  disked  com  ground. 

HUNTLBT  FIELD  STATION. 

The  records  of  only  two  years  of  yields  imder  four  different  methods 
of  treatment  are  available  for  study  from  Huntley,  Mont.  In  1913 
there  was  Uttle  diflference  between  spring-plowed  oat  stubble  and 
disked  com  groxmd  as  a  preparation  for  barley.  In  1914  disked  com 
ground  was  markedly  the  better  of  the  two.  The  heaviest  yields 
each  year  were  obtained  from  land  on  which  peas  were  plowed  under 
for  green  manure.  In  1914  there  was  a  marked  increase  in  the  jrield 
on  ground  on  which  rye  was  plowed  imder.    In  preparation  for  1913, 
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barley  was  plowed  under  instead  of  rye,  with  the  result  that  tiiere 
was  a  sharp  decrease  in  yield. 

A  profit  was  realized  from  all  the  methods  under  trial.  The  largest 
profit,  $9.50  per  acre,  was  on  disked  com  ground.  Spring  plowing 
shows  a  profit  of  S6.15  per  acre,  while  the  average  profit  from  green 
maniu*e  was  S3.45. 

Tablb  VI. —  Yieldi  and  cost  of  produetion  of  barley  by  different  meihodi  at  the  Buatkf 
field  Station,  191S  and  1914, 


Nnmber 
of  plats 
averaged. 

Yield  per  acre  (iMidMli). 

1913 

1014 

AT««a 

ftnrinffnlowM:  0*ts. ..-..,.. -..„..r-,--T ^^--.^--^--- 

1 
4 

24.6 
23.2 

S4.6 
45.7 

2116 

insked:  Com 

K5 

Green  manured: 

RV© 

1 
1 

10.6 
30^3 

55l6  ;          S7.f 

Peas 

«s.6l       sao 

Total  or  average. .....  r ,,„„,.,  ^  -.,,,,, , 

2 

2&0 

50.6  1          4S.8 

AT«affeofaU7Dlat8 

24.7 

48L1 

I6L4 

SUXMABT  or  YBLDS  AMD  DiOBST  OF  C08T. 


Tillage  treatment. 

Previous  crop. 

Valaes^eto. 

(average  per 

acre). 

Tillage  treatment 

Yields  (average  per  acre). 

flplat). 

Disked 

(4 
plats). 

Oreen 

ma- 

m^(2 

plats). 

8maU 
grain 

(1 
plat). 

Com 

(4 
plats). 

SESS 
paoweu 

Oplat). 

Disked 

(4 
plats). 

Qren 
(2phW 

Yields  of  grain: 

1013 bushels.. 

1914 do.... 

24.5 
34.6 

23.2 
46.7 

28.0 
69.6 

24.6 
34.6 

23.2 

46.7 

C3rop  value, 
cost,  etc.: 
Value... 
Cost 

Profit. 

112.14 
6.09 

$14wl5 
4.66 

tl7.ll 
1151 

29.6 

34.5 

43.8 

29.6 

34.6 

6.16 

0.50 

1ft 

WILUSTON  FIELD  STATION. 

The  results  of  five  years  are  available  from  Williston,  N.  Dak.  In 
two  of  these  years  the  yielcis  were  heavy,  one  year  they  were  fair,  and 
two  years  they  were  very  poor. 

Between  the  fall  and  spring  plowing  of  barley  stubble,  there  is 
little  difference  to  be  noted,  except  in  1912,  when  fall  plowing  was 
much  the  better.  Between  barley  and  oat  stubble  plowed  in  the 
spring,  the  only  year  that  showed  a  significant  difference  was  1914, 
when  the  advantage  was  with  the  oat  stubble.  The  crop  on  sum- 
mer tillage  was  every  year  better  than  that  following  either  oats 
or  barley.  For  three  years  summer  tillage  yielded  heavier  than 
disked  com  groimd  and  for  two  years  the  reverse  was  the  case.  The 
high  yield  together  with  low  cost  combined  to  make  disked  corn 
groimd  show  the  greatest  profit,  $6.63  per  acre.  The  higher  cost  (rf 
summer  tillage  reduced  the  profit  from  it  to  41  cents  per  acre.  Both 
fall  and  spring  plowing  show  small  profits. 
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Tabub  Vn. —  Yields  cmd  cost  of  production  of  barley  bu  different  methods  at  the  WiUiston 
Field  Station^  1910  to  1914,  inclusive. 


Traatment  and  previous  crop. 

Nnmber 

of 

plate 

averaged. 

Yield  per  acre  (boBheb). 

1910 

1011 

1912 

1913 

1914 

Average. 

FftU  nkiwed*  Barlev 

1 

0.6 

8.3 

40.1 

14.8 

17.4 

22.0 

ftnrinffnlowed:  Barlev ^t 

1 
1 

.8 
.2 

6.8 
4.0 

31.7 
30.0 

14.4 
16.6 

21.4 
36.7 

14.8 

17.4 

IHrta]  or  aTorage 

2 

.6 

6.2 

30.9 

15.0 

29.1 

16.1 

Pinkvl;  Corp 

1 

1 

.4 
6.2 

4.2 
12.7 

60.8 
64.4 

28.6 
21.9 

63.6 
49.7 

27.5 

ftnmmn-tlll^ 

28.8 

ATaraeeofallSDlats 

1.4 

0.1 

42.6 

19.1 

36.7 

21.2 

BUMMABT  OF  YIELDS  AND  DIOB8T  OF  COffT. 


Tillage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (avenge  per  acre). 

Fall 
plowed 
a  plat). 

(5plate). 

Disked 
(Iplat). 

Snmmer 

tilled 
(iplat). 

Small 

grain 

(3  plate). 

Com 
(iplat). 

YMda  of  grain:                           ^       , 

1910.... bushels.. 

Uttl do.... 

0.6 
3.3 
46.1 
14.8 
22.0 

0.6 
6.2 
30.9 
16.0 
29.1 

0.4 
4.2 
60.8 
28.6 

63.6 

\ 

6.2 
12.7 
64.4 
21.9 
49.7 

0.6 
4.6 
36.9 
14.9 
26.7 

0.4 
4.2 

1813. do 

60  8 

1913 do.... 

28.6 

1914. do.... 

63.6 

Average 

17.4 

16.1 

27.6 

28.8 

16.6 

27.6 

CroD  value,  oost  of  production,  etc. : 

$7.13 
6.46 

$6.60 
6.99 

$11.28 
4.65 

$11.81 
11.40 

co£!:::;::::!;j!::;i;!!::;;;;:::::::: 

Prdlt 

.67 

.61 

6.63 

.41 

DICKINSON  FIELD  STATION. 


The  results  of  six  years  are  available  from  Dickinson,  N.  Dak. 
The  crop  of  1912  was  destroyed  by  hail  before  maturity,  and  as  failure 
from  this  cause  could  not  be  overcome  by  cultural  methods  it  is 
not  included  in  determining  the  average.  Five  of  the  years  studied 
produced  good  crops  of  barley.  In  the  remaining  year  the  average 
yield  was  small,  but  the  variation  between  the  results  from  different 
methods  of  preparation  was  wide. 

The  results  attendant  upon  the  fall  and  spring  plowing  of  barley 
stubble  and  of  growing  barley  on  either  spring-plowed  oat  stubble  or 
bailey  stubble  have  been  lai^ely  dependent  upon  the  season.  The 
seasonal  differences  have  equalized  each  other  imtil,  when  the  re- 
sults of  the  five  years  are  averaged,  little  choice  is  to  be  made  between 
them.  Summer  tillage  increased  the  crop  an  average  of  about  7 
bushels,  bringing  it  up  to  32.5  bushels  per  acre.  Disked  com  ground, 
however,  brought  the  average  yield  up  to  37.4  bushels  per  acre  and 
gave  a  higher  yield  than  sunmier  tillage  five  years  out  of  six. 
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Having  at  the  same  time  the  highest  yield  and  the  lowest  cost  of 
production,  disked  com  groxmd  shows  much  the  highest  profit  of  any 
method  imder  trial.  The  average  profit  from  it  was  $10.68  per  acre. 
Both  spring  and  fall  plowing  show  profits  of  about  $4  per  acre.  The 
cost  of  summer  tillage  reduced  the  profits  from  it  to  $1.93  per  acre. 

Tablb  VIII. —  Yields  and  coat  of  production  of  barley  by  different  methods  at  the  Dickinscm 
Field  Stationy  1908  to  1914y  inclusive. 


Treatment  and  provkms 

Number 

of 

plate 

averaged. 

Yield  per  acre  (bushels). 

crop. 

1908 

1900 

1910 

1911 

1912 

1913 

1914 

Average. 

FiUplowed:  Barley 

1 

24.0 

39.0 

31.1 

1.2 

0) 

34.8 

20.2 

2Sil 

Spring  ^owed: 

33.5 
34.4 

39.8 
40.2 

28.3 
19.8 

9.6 
2.4 

^] 

19.2 
20.2 

25.0 
13.3 

3&9 

o5^f.:;::;::;::;;:: 

23.3 

Total  or  average... 

34.0 

44.6 

24.1 

6.0 

19.7 

19.2 

M.6 

Disked:  Com. 

46.6 
30.0 

68.8 
60.0 

28.6 
24.0 

12.3 
19.1 

t^ 

44.8 
36.9 

39.1 
35.2 

37.4 

Biimm^r  tm*^ 

315 

Average  of  all  5 
nlats 

33.6 

46.4 

26.4 

8.9 

0) 

31., 

26.6 

2&8 

SxnncABT  or  Yields  and  Digest  or  Cost. 


Yields,  values,  etc.  (average  per  acre). 


Tillage  treatment. 


Fan 
plowed 
a  plat). 


plowed 
(iplate). 


Disked 
(1  plat). 


Summer 

tiUed 
(1  plat). 


Previoascn^. 


Small 

grain 

(3  plats). 


Con 

apbt). 


Yields  of  grain: 

1908 bushels. 

1909 do... 

1910 do... 

1911 do... 

1912 do... 

1913 do... 

1914 do... 


24.0 
39.0 
31.1 
1.2 
(0 
34.8 
20.2 


34.0 
44.5 
24.1 
6.0 
0) 
19.7 
19.2 


45.6 
53.8 
28.6 
12.3 

44.8 
89.1 


30.0 
60.0 
24.0 
19.1 
0) 
36.9 
35.2 


30.6 
42.7 
26.4 
4.4 

^7 
19.5 


45.6 
53.8 
28.6 
12.S 


Q) 


44.8 
3B.1 


Average.. 


25.1 


24.6 


37.4 


32.6 


24.7 


87.4 


C^p  value,  cost  of  production,  etc. : 

value 

Cost 


$10.29 
6.46 


$10.09 
5.99 


$15.33 
4.65 


$13.33 
11.40 


Profit. 


3.83 


4.10 


10.68 


» Destroyed  by  hail. 
EDGELEY  FIELD  STATION. 

The  results  of  eight  years  of  uninterrupted  work  are  presented  from 
Edgeley,  N.  Dak.  In  five  of  these  years  the  yields  were  good,  in  one 
year  they  were  light,  and  in  two  years  the  crops  were  practic^Dy 
failures  from  aU  methods  under  trial.  No  method  showed  any  merit 
in  overcoming  the  drought  of  these  extreme  years  at  this  station.  In 
five  of  the  years  under  study  the  highest  yield  was  obtained  on  disked 
com  groimd.  The  maximum  yield  by  this  method  was  37.1  bushels 
per  acre,  while  the  average  for  the  eight  years  was  23 .4  busheb  per  acre. 
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The  next  highest  average  yield,  20  bushels  per  acre,  was  by  summer 
tillage.  The  average  from  spring-plowed  oat  land  was  19.7  bushels 
per  acre.  The  advantage  of  either  fall  or  spring  plowing  barley  stub- 
ble varied  within  narrow  limits,  but  in  the  average  of  the  series  of  years 
no  choice  is  to  be  made  between  the  two.  This  indication  that  the 
time  of  plowing  is  not  an  important  factor  allows  greater  latitude 
in  planning  the  work  of  the  farm.  The  plan  should  be  to  get  the 
work  done  early  and  thus  avoid  as  far  as  possible  the  augmentation  of 
work  at  seeding  time.  This  is  of  especial  importance  in  the  northern 
portion  of  the  Great  Plains,  where  the  seeding  season  is  necessarUy 
short. 

The  only  method  under  trial  that  did  not  produce  barley  at  a  profit 
is  summer  tillage.  This  shows  an  average  loss  of  S3 .20  per  acre.  The 
greatest  profit,  $4.94,  was  realized  from  disked  com  ground.  Fall 
and  spring  plowing  both  show  small  profits. 

Table  IX. —  Yield  and  cost  of  production  of  barley  by  different  methods  at  the  Edgeley 
Field  Station,  1907  to  1914,  inclusive. 


Treatmeot  and  previous  crop. 

Namber 
of  plats 
averaged. 

Yield  per  acre  (basheb). 

1907 

1908 

1900 

1910 

1911 

1912 

1913 

1914 

Average. 

FallDlowed:  Barlev 

I 

0.4 

24.2 

24.7 

1.6 

0.1 

26.5 

20.2 

26.9 

16.7 

1 
1 

10.2 
10.6 

25.0 
26.0 

27.0 
32.7 

1.2 
1.4 

...... 

24.2 
34.0 

17.9 
18.9 

32.3 
33.6 

17  2 

Gate 

19.7 

Tnisil  nr  avOTase  ...,,,, 

2 

10.4 

25.6 

29.0 

1.3 

.1 

29.1 

18.4 

33.0 

18  6 

Dbked:  Com 

1 
1 

18.3 
16.0 

31.0 
24.2 

33.1 
28.3 

2.9 
2.2 

.4 

.8 

30.2 
82.3 

37.1 
26.8 

33.1 
29.4 

23.4 

Saminer  tilled    r  r 

20  0 

AvMUffe  of  all  R  plats 

12.0 

26.3 

20.2 

1.9 

.8 

29.4 

24.2 

31.1 

19  4 

SumcABT  or  Yields  and  Diqbst  or  Cost. 


Tmage  treatment. 

Previous  crop. 

Yields,  values,  etc.  (average  per  acre). 

FaU 
plowed 
(1  plat). 

(Splats). 

Dhlred 
(iplat). 

Summer 

tmed 
(Iplat). 

Small 

grain 

(3  plats). 

Com 
(Iplat). 

Yields  of  grain: 

1907 bushels.. 

1908 do.... 

1900 do.... 

1910 do.... 

1911 do.... 

1912 do.... 

1918 do.... 

1014 do.... 

9.4 
24.2 
24.7 
1.6 
.1 
26.5 
S0.2 
26.9 

ia4 

25.5 
29.0 
1.3 
.1 
29.1 
18.4 
33.0 

18.8 
81.0 
88.1 
2.0 
.4 

ao.2 

87.1 
88.1 

16.0 
24.2 
28.8 
2.2 
.8 
82.3 
26.8 
20.4 

lai 

25.1 
28.1 
1.4 
.1 
28.2 
19.0 
30.9 

18.3 
31.9 
33.1 
2.9 
.4 
30.2 
37.1 
83.1 

Average 

16.7 

18.5 

23.4 

20.0 

17.9 

23.4 

Oopvaloe,  cost  of  production,  etc. : 

16.85 
6.46 

$7.59 
5.09 

89.50 
4.65 

$8.20 
11.40 

Cost 

Profit  or  loss 

.39 

1.60 

4.04 

-3.20 
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HnriNGBS  FIELD  STATION. 

Results  for  three  years  have  been  obtained  at  Hettinger,  N.  Dak. 
All  were  years  of  good  barley  yields.  The  highest  yields  were 
obtained  each  year  by  summer  tillage  and  the  lowest,  with  one  excep- 
tion, on  disked  com  ground.  The  average  yield  from  siunmer  tiUage 
was  more  than  twice  that  from  the  disked  land.  Following  small 
grain,  a  decided  advantage  attended  spring-plowed  barley  stubble. 
The  crops  in  this  group  yielded  better  than  on  disked  com  ground, 
but  not  as  good  as  by  summer  tillage. 

Table  X. —  Yields  and  coit  ofprodticUon  of  barley  by  different  methods  at  the  EeUxnger 
Field  Station,  1912, 191S,  and  1914. 


Yield  per  acre  (bushels). 

Treatment  and.  preyioiu  crop. 

Number 

of 

plate 

averaiped. 

1912 

1918 

19M 

AVH^L 

FaU  plowed:  Barley 

1 

23.6 

27.1 

9.2 

U.9 

Sprlni;pjk>wed: 

26.9 
22.9 

30.6 
28.0 

16.8 
20.0 

27.4 

oSS?!:::;:::::;:::*:::::::::::::::::::::::::::: 

2S.e 

Total  or  aT«n«e. 

24.6 

83.8 

18.2 

&5 

Dtoked:  Com 

13.5 
87.8 

21.0 
88.8 

10.2 
18.7 

14.0 

Sammer  tilled                    

SL8 

Average  of  all  6  plats 

24.8 

80.9 

14.9 

a.1 

BUMMABT  OP  YlKLDS  AND  DlGKST  OV  COST. 


TOlagB  treatment. 

PrevioDS  ofop. 

Yields,  yaloes,  etc.  (average  per  acre). 

FaU- 
plowed 
(iplat). 

(Splate). 

Disked 
(lpl»t). 

tilled  ' 
(IplBt). 

Small 

grain 

(3  plate). 

Com 
(IphtX 

Yields  of  grain: 

1912 bushels.. 

1918 do.... 

1914 do.... 

28.5 
27.1 
9.2 

24.6 
83.8 
18.2 

18.5 
21.0 
10.2 

37.8 
38.8 
18.7 

94.2 
81.6 
15.2 

18.5 
2L0 
10.2 

Average 

19.9 

25.5 

14.9 

31.8 

28.7 

14.9 

Cropvalae,oo6t  of  production,  etc.: 

$8.16 
6.46 

$10.46 
5.99 

$6.11 
4.65 

$18.04 
11.40 

Cost 

Profit 

1.70 

4.47 

1.46 

1.64 

The  relative  position  assumed  by  the  various  methods  may  be  due 
in  part  to  the  (distribution  of  the  rainfall  for  the  two  years,  1911  and 
1912,  and  may  be  changed  with  subsequent  work.  In  both  1911  and 
1912  a  heavy  rainfall  came  in  August  and  September.  The  com, 
which  was  still  growing,  used  this  water,  while  a  portion  of  it  was 
accumulated  in  the  small-grain  plats,  where  the  grain  was  already 
harvested,  and  in  the  summer-tilled  plats.    Tlie  com  plats  were 
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therefore  short  of  a\(ailable  water  when  the  barley  was  seeded  and 
consequently  gave  lower  yields.  Weeds  were  ako  a  factor  in  decreas- 
ing the  yields  on  disked  com  ground. 

A  profit  was  realized  from  all  methods  imder  trial.  Between  fall 
plowing,  disking,  and  summer  tillage  there  was  little  difference. 
Spring  plowing  shows  a  considerably  larger  average  profit  than  any 
of  the  other  methods. 

BBLLB  rOUBCHB  HELD  STATION. 

The  results  of  six  years  at  Belle  Fourche,  S.  Dak.,  are  available  for 
study.  In  only  one  year  was  the  yield  heavy.  Three  of  those  years 
gave  light  yields  from  most  methods;  in  one  year  the  crop  was  a 
total  failure  from  all  methods,  and  in  the  other  year  only  one  method 
gave  any  yield  and  that  was  light. 

Table  XI. —  Yields  and  coit  of  producUon  of  barley  by  different  methods  at  the  Belle 
Fourche  Ftela  Station,  1909  to  1914,  inclusive. 


YMd  per  acre  (bosheb). 

Treatment  and  prcrious  crop. 

Number 

of  plats 

averaged. 

1000 

1010 

1011 

1012 

•1018 

1014 

Average. 

FaUplowed:  Bariey 

1 

1 
1 

2&0 

33.8 
2&1 

4.8 

4.4 
3.6 

0 

0 
0 

0 

&0 

7.1 

7.6 

Spiring  plowed: 

5.2 
0 

17.0 
6.8 

5.2 

5.8 

0.8 

o^J^'^y^'^v^\y^v^v^v. 

7.4 

Total  or  arenge 

2 

20.0 

4.0 

2.6 

11.0 

5.5 

&3 

|Jirf»H-  niirlAy     

1 
1 

1 
1 

3a2 
33.8 
47.1 
37.3 

0 
0 

5.0 
3.0 

0 
0 
0 
0 

0 
0 
0 
0 

7.8 
7.8 
&0 
13.4 

8.1 
6.3 
12.2 
2L7 

7.7 

8ab6oUed:  Barley 

&0 

Dtaked:Com.... 

12.2 

fli^mmAr  tfllfld 

12.6 

ATenge  of  an  7  plats 

32.2 

3.0 

.7 

lai 

0.6 

0.8 

SxncMAKT  or  Yixlds  and  Diom  or  Con. 


Tillage  treatment 

Previous  crop. 

Yields,  yaloes,  etc  (ayerage 
per  acre). 

Fall 
plowed 
(iplat). 

ftplats) 

Disked 
(iplat). 

Listed 
(iplat). 

Sab- 
soiled 
(Iplat). 

Sommer 

tnk¥! 
(iplat). 

Small 

grain 

(5plat8) 

Ck)m 
(iplat). 

Yields  of  grain: 

1900 bnsheb.. 

1010 do.... 

lOU do.... 

1»12 do.... 

1018 do.... 

1914 do.... 

25.0 
4.8 
0 
0 

&0 
7.1 

26.0 

4.0 

0 

2.6 
11.0 

5.5 

47.1 

5.0 

0 

0 

&0 
12.2 

3a2 
0 

0 
0 

7.8 
8.1 

83.8 
0 
0 
0 

7.8 
6.3 

87.8 
8.0 
0 
0 

13.4 
2L7 

28.2 
2.6 
0 
1.0 

0.7 
6.5 

47.1 

5.0 

0 

0 

8.0 
12.2 

Ayeiage 

7.6 

8.3 

12.2 

7.7 

&0 

12.6 

8.0 

12.2 

Gropvahie,  cost  of  production,  etc.: 

13.12 
6.46 

83.40 
5.90 

85.00 
4.65 

83.16 
5.45 

83.28 
7.07 

85.17 
1L40 

Coet 



Profit  or  loes 

-8.84 

-2.50 

.85 

-2.20 

-8,70 

-6.23 
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In  the  year  of  heavy  yields  and  m  the  foUowuig  year  of  very  light 
yields  the  best  production  was  on  disked  com  ground.  In  1912  the 
only  yield  secured  was  from  spring-plowed  barley  stubble.  The  same 
plat  also  gave  the  highest  yield  in  1913.  It  is  probable  that  in  both 
cases  these  results  were  due  to  the  fact  that  the  crop  on  this  plat 
made  a  poor  start  and  had  a  thinner  stand,  which  helped  it  in  widi- 
standing  the  drought  of  the  siunmer. 

Subsoiling,  as  compared  with  fall-plowing  done  at  the  same  time, 
appears  to  have  been  effective  in  increasing  the  crop  in  the  year  of 
good  yield,  but  not  in  overcoming  drought  in  other  years.  The  same 
observation  applies  to  fiurowing  with  the  lister  instead  of  plowing. 

In  the  average  results  from  the  whole  period  of  years,  simmier  tillage 
and  disking  com  groimd  stand  by  themselves.  On  the  basis  of  yidd 
there  is  little  or  no  choice  to  be  made  between  the  two.  But  when  the 
cost  of  production  is  figured  in  connection  with  the  value  of  the  crop 
it  is  seen  that  by  all  methods  except  the  use  of  disked  com  ground  the 
crop  has  been  produced  at  a  loss.  The  low  cost  of  production  by  the 
disking  method  enables  it  to  show  a  nominal  average  profit  of  35 
cents  per  acre. 

SCOTTSBLVFP  FIELD  STATION. 

The  results  of  only  two  years  with  barley  are  available  for  study 
from  Scottsbluff,  Nebr.  The  crop  of  1913  was  lost  through  a  fatdt 
in  the  seed  that  made  it  necessary  to  reseed.  The  reseeded  ax)p 
grew  and  maintained  the  continuity  of  the  work  in  the  effect  upon 
the  groimd  for  the  following  crop,  but  was  too  late  to  matxu'e  before 
growth  was  checked  by  the  hot  weather  of  midsunmier.  Production 
in  one  year  was  good  and  in  the  other  it  was  poor. 

Table  XII. —  Yields  and  cost  of  production  of  barley  by  deferent  methods  at  the  Scotts- 
bluff Field  Station,  191fi  and  1914* 


Treatment  and  previous  crop. 

Number 
of  plats 
aver- 
aged. 

Yield  per  acre  (budieb).! 

1912 

1914 

Average. 

FaU  plowed:  Barley 

1 

23.5 

4.4 

14.0 

Spring  plowed: 

Barley 

1 

1 

2L3 
22.6 

11.8 

13.7 

Oats.. 

17.1 

Total  or  average 

2 

21.9 

&9 

15.4 

Disked:  Com ' 

1 
1 
1 
1 

3L3 
23.8 
218 
39.6 

6.8 
5.0 
5.2 
15.6 

l&f 

Listed:  Barley 

114 

Subsofled:  Barley 

15.0 

Summer  tilled 

27.6 

Average  of  all  7  plats 

26.7 

7.7 

17.2 

I  The  crop  of  1913  was  a  failure,  due  to  poor  seed. 
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Tab^b  XII. —  Yields  and  co9t  of  production  of  harleif  by  different  methods  at  the  8ooUs- 
bluff  Field  Statvm,  1912  and  J9J-f— CJontinued. 


SXTMMABT  or  YBLDS  Ain>  DiOKOT  OP  C08T. 


Tillage  treatment 

Previous  crop. 

Yields,  Tahies,  etc.  (average 
per  acre). 

Fall 
plowed 
(Iplat). 

(5^ 

Disked 
(iplat). 

Listed 
(Iplat). 

Sub- 
soUed 
(iplat). 

Summer 

tilled 

(iplat). 

SmaU 

grain 

(^lats) 

Com 
(iplat). 

Yields  of  grain: 

1912 Inuhels.. 

19131 do  ... 

23.5 

2L9 

31.3 

28.8 

24.8 

39.6 

23.2 

3L3 

1914 do 

4.4 

&9 

5.8 

5.0 

6.2 

15.6 

6.5 

5.8 

Average 

14.0 

15.4 

18.6 

14.4 

15.0 

27.6 

14.9 

18.6 

Crop  value,  cost  of  production,  etc.: 

$5.74 
«.46 

$0.31 
5.99 

$7.63 
4.65 

$5.90 
5.45 

$6.15 
7.07 

$11.32 
11.40 

Cost 

Profit  or  loss 

-  .72 

.32 

2.98 

.45 

-  .92 

-  .08 

I  The  crop  of  1918  was  a  failure,  due  to  poor  seed. 

The  highest  yield  in  both  years  was  from  summer  tiUage.  The 
average  yield  from  this  method  is  9  bushels  per  acre  greater  than  the 
average  on  disked  com  ground,  the  next  highest  yielding  method 
under  trial.  Between  other  methods  there  is  Uttle  diflference  in 
yields,  although  in  1914  the  spring-plowed  oat  groimd  appeared  to 
have  a  decided  advantage.  Spring  plowing,  disking,  and  listing  all 
show  small  profits,  the  greatest  being  from  disking.  FaU  plowing, 
subsoiling,  and  summer  tillage  aU  show  small  losses. 

NORTH  PLATTE  FIELD  STATION. 

In  the  eight  years  under  study  at  North  Platte,  Nebr.,  there  have 
been  two  heavy  crops  of  barley,  three  hght  crops,  two  poor  crops,  and 
one  failure  from  drought  and  grasshoppers. 

In  the  average  of  the  whole  series  of  years  a  small  advantage 
appears  in  favor  of  fall  plowing.  There  have  been  large  differences 
in  individual  years  of  the  series.  The  greatest  difference  in  any  one 
year  has  been  in  favor  of  fall  plowing,  but  in  the  greater  number  of 
years  there  has  been  a  smaller  difference  in  favor  of  spring  plowing. 
The  greatest  difference  in  favor  of  spring  plowing  over  fall  plowing 
was  in  1909.  Germination  was  much  slower  on  the  spring-plowed 
than  on  either  fall-plowed  or  summer-tilled  land,  owing  to  the  fact 
that  the  seed  bed  was  not  in  as  good  shape.  A  late  freeze  caught 
the  crop  on  the  fall-plowed  and  summer-tiDed  land  at  a  tender  stage, 
while  the  crop  on  the  spring-plowed  plats,  being  slower,  escaped 
almost  entirely.  The  difference  in  yield  between  spring  and  fall 
plowing  in  that  year  was  therefore  due  to  a  difference  in  stand. 
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The  one  plat  on  disked-com  ground  has  been  low  in  yidd,  its 
average  being  below  that  of  barley  following  small  grain.  There  is 
some  evidence  to  support  the  belief  that  the  location  of  the  rotaticm 
containing  this  plat  is  such  that  it  is  normally  a  little  lower  in  yield 
than  the  rest  of  the  field. 

The  only  method  under  trial  that  exhibits  power  to  markedly 
increase  the  yield  over  other  methods  is  summer  tillage.  This  power 
has  not  been  manifested  every  year,  but  in  some  years  it  has  been  very 
marked.  The  average  yield  for  eight  years  by  this  method  has  been 
26.7  bushels  per  acre  as  against  16.3  bushels  where  the  crop  followed 
small  grain.  This  increase  in  yield  has  been  just  about  equal  to  the 
increased  cost  of  growing  the  crop  under  this  method.  AH  methods 
show  either  a  profit  or  a  loss  of  less  than  $1  per  acre. 


Table  XIII. —  Yields  and  cost  of  production  of  barley  by 
Platte  Field  Station,  1907  to  1914,  ' 


'erent  methods  at  the  North 


Treatment  and  preyknu  crop. 

Nmnber 
of  plats 
averaged. 

YWd 

per  acre  (buflliels). 

1907 

1906 

1900 

1910 

1911 

1912 

1913 

1914 

Averegei 

Fall  plowed:  Barley 

1 

40.0 

48.8 

10.4 

12.5 

0 

14.6 

5.0 

11.0 

17.1 

Bpringplowed: 

80.0 
40.2 

10.0 
22.3 

21.5 

18.6 

18.8 
16.0 

0 
0 

20.8 
20.0 

6.5 
6.3 

5.3 
3.6 

15.8 

oI&^".::::::::::::::*:* '■ 

I&9 

39.6 

21.0 

20.1 

14.9 

20.4 

6.4 

4.5 

15.9 

DUked:  Com 

sao 

39.0 

24.9 
07.7 

21.5 
28.8 

7.9 
26.0 

0 
0 

12.3 
20.0 

6.0 
16.6 

5.2 
20.8 

13.4 

flmnm^rtl11«H 

%.! 

37.8 

85.6 

19.2 

15.2 

17.5 

7.9 

9.2 

17.8 

Summary  or  YiKU>a  and  Diom  or  Oosr. 


(average  per  acre). 

Tillage  treatment. 

FtevioQScn^. 

Yields,  values,  etc. 

Fail- 
plowed 
aplat). 

(Splats). 

Disked 
(iplat). 

tilled 
(Iplat). 

SmaU 

grain 

(3  plats). 

Cocn 
(iptot). 

Yields  of  grain: 

1907.: 

1908 

1909 

1910 

1911 

1912 

bushels.. 

do.... 

do.... 

do.... 

do.... 

do.... 

40.0 
43.3 
10.4 
12.5 

0 
14.6 

5.0 
11.0 

89.6 
21.0 

2ai 

14.9 
0 

2a4 
6.4 
4.5 

80.6 
24.9 
21.5 

7.9 

0 
12.8 

5.0 

5.2 

39.0 
67.7 
28.8 
26.0 
0 

20.0 
16.5 
20.8 

89.7 
28.4 

16.8 
14.1 
0 

18.5 
5.9 
6.6 

la; 

21.0 
21.5 

7.9 

0 
I2.S 

1913 

1914 

do.... 

do.... 

6.0 

6.2 

Average 

17.1 

15.9 

13.4 

28.7 

16.8 

13.4 

oductlon,  etc.: 

Ctm  value,  cost  of  pr 

17.01 
6.46 

86.52 
5.99 

85.49 
4.65 

810.96 
11.40 

Cost :::::::':'"'■•* 

Profit  or  lose. . 

.55 

.53 

.84 

-    .55 

_ 
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AKRON  WtEU>  STATION. 

The  results  at  Akron,  Colo.,  secured  by  fall  plowing  barley  stubble, 
furrowing  with  a  lister  instead  of  plowing,  spring  plowing  barley  stub- 
ble, spring  plowing  oat  stubble,  and  disking  com  ground  in  prepara- 
tion for  barley,  have  been  dependent  upon  the  season.  Some  seasons 
have  favored  one  method  and  other  seasons  other  methods,  but  on 
the  whole  little  choice  is  to  be  made  from  the  average  of  the  sixyears 
imder  study.  Subsoiling  as  compared  with  fall  plowing  without  sub- 
soiling  has  been  done  at  a  distinct  loss  each  year  except  the  first. 

Summer  tillage  has  increased  the  average  yield  from  17.6  bushels 
following  a  small-grain  crop  to  24.8  bushels  per  acre.  Subsoiling  and 
summer  tillage  show  small  losses  of  $1.33  and  $1.23  per  acre.  Other 
methods  show  profits  ranging  from  $1.17  on  fall-plowed  land  to  $2.89 
on  disked  com  ground. 

Table  XIV. —  Yieldt  and  co$t  of  production  of  barley  by  differerU  methods  at  the  Akron 
Field  Station,  1909  to  1914,  induewe. 


MrnnVkAf 

TMd  per  acre  (bushels). 

Treatment  and  prcrious  crop. 

of  plats 
^YCfaced. 

1909 

1910 

1911 

1912 

1918 

1914 

ATerage. 

FaO  plowed;  Bwley 

1 

16.8 

10.6 

16.3 

27.9 

8.1 

86.7 

18  6 

Springplowed: 

1 
1 

19.7 
22.2 

13.1 
10.2 

8.7 
2.6 

28.8 
85.2 

4.6 
7.9 

32.1 
40.2 

17  8 

Oats 

19  7 

2 

21.0 

11.7 

5.6 

82.0 

6.3 

86.2 

30.8 
27.9 
42.0 
46.2 

18.8 

Ltoted:  Bari«y... 

1 
1 
3 

1 

19.2 
19.8 
18.7 
24.6 

12.6 
6.9 
12.9 
16.0 

4.6 
5.2 
1.7 
12.6 

36.0 
22.5 
28.9 
40.2 

4.4 

1.5 
6.4 
16.3 

17  9 

Soboofled:  Barley 

14.0 
18.4 

Disked:  Com 

p^ir>^m^  tilled 

24  8 

Average  of  an  9  plats 

19.8 

12.0 

6.1 

30.8 

6.8 

37.8 

18.8 

SuMMABT  or  Yields  iin)  Digest  or  Com. 


Tillage  treatment. 

Preyioas  crop. 

Yields,  valiies,etc.  (aveiase  per  acre). 

Fall 
plowed 

(1 
plat). 

plats). 

Disked 

(3 
plats). 

Listed 

Snb- 
soiled 

(1 
plat). 

Snmmer 

tilled 

(lpl»t). 

SmaU 
grain 

(5 
Irfats). 

Com 

(3 
plats). 

Yields  of  grain; 

1909 bushels.. 

1910 do.... 

1911 .do.... 

1912 do.... 

1918 do.... 

1914 do.... 

16.8 
10.5 
16.3 
27.9 
3.1 
36.7 

21.0 
11.7 

5.6 
32.0 

6.3 
36.2 

18.7 
12.9 

1.7 
28.9 

6.4 
42.0 

19.2 
12.6 

4.6 
86.0 

4.4 
30.8 

19.8 
6.9 
5.2 

22.5 
1.5 

27.9 

24.6 
16.0 
12,6 
40.2 
.  16.3 
46.2 

19.5 
10.7 

7.6 
80.1 

4.3 
33.5 

18.7 
12.9 

1.7 
28.9 

6.4 
42.0 

ATerage 

18.6 

18.8 

18.4 

17.9 

14.0 

24.8 

17.6 

18.4 

Cropyahie,  cost  of  production,  etc.: 

r.63 
6.46 

r.Ti 

5.99 

$7.64 
4.65 

r.34 
5.45 

S5.74 
7.07 

110.17 
11.40 

Coet 

Profit  or  loss 

1.17 

1.72 

2.89 

1.89 

-1.33 

-1.23 
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HATS  FIELD  STATION. 

In  the  results  for  seven  years  presented  for  study  from  Haj^, 
Kans.,  one  crop  has  been  lost  by  hail.  With  the  exception  of  3.4 
bushels  per  acre  produced  by  summer  tillage,  one  crop  has  been  lost 
by  drought.  In  two  years  the  average  yield  was  heavy,  in  two 
it  was  light,  and  in  one  it  was  fair.  In  the  matter  of  productive 
and  nonproductive  years,  the  record  for  barley  at  this  station  is 
the  same  as  that  of  oats.  The  year  when  the  crop  was  destroyed 
by  hail  is  not  included  in  computing  the  averages. 

Table  XV. —  Yields  and  cost  of  production  of  barley  by  different  methods  at  the  Ea^ 
Field  Stalvm,  1908  to  1914,  inclusive. 


Treatment  and  preyious  crop. 

Number 
of  plats 
ayeraged. 

Yield  per 

Bore  (bushels). 

1W8 

1909 

1910 

1911 

1912 

1913 

1914 

ATcngeL 

Fall  plowed:  Barley 

1 

1S.4 

0) 

19.7 

0 

28.8 

4.0 

16.7 

ae 

Spring  Dlowed; 

1 
1 

5.8 
9.2 

« 

12.6 
15.0 

0 
0 

22.4 
29.8 

2.6 
17.0 

9.9 
9.4 

8.9 

Oats!:. 

114 

Total  or  averase 

2 

7.6 

18.8 

26.1 

9.8 

9.7 

11.2 

Listed:  Bariev 

1. 

1 
6 

lai 

14.8 
11.0 

8 

19.7 
19.3 
28.3 

0 
0 
0 

81.8 
83.8 
25.1 

2.1 
4.6 
3,6 

12.6 
15.2 
16.4 

117 

Snbsoiled:  Barley 

14.6 

Disked 

14.1 

Green  manured: 

Rve 

1 
1 

21.6 
6.0 

^] 

32.3 
34.1 

0 
0 

16.9 
17.7 

12.9 
14.0 

15.3 
16.2 

16.5 

Peas 

14.5 

Total  or  ayerage 

2 

13.3 

33.2 

17.3 

13.6 

15.8 

15.5 

Bommer  tilled . . . .  ^ ,  t  t  ,,...,,  t  r  r .  ^ ,'.  r 

1 

18.9 

0) 

18.4 

3.4 

36.2 

2a9 

18.0 

19.  S 

AyerageofaUl4plat8 

11.7 

24.3 

.2 

26.3 

7.1 

15.1 

14.1 

SuMMABT  or  Yields  and  Diosst  or  Cost. 


Tillage  treatment 

Prevkxis  crop. 

Yields,  values,  etc. 
(average  per  acre). 

FaU 
plowed 
(I  plat). 

(2  plats). 

Disked 
(Opiate). 

Listed 
(iplat). 

Sub- 
soiled 
(iplat). 

Green 
manured 
(2phits). 

Sununer 

tiUed 
(iplat). 

Small 
grain 

(5 
plats). 

Com. 

(4 
plats). 

Yields  of  grain: 

1908 bush.. 

1909 do.... 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do..-. 

12.4 

0 
28.8 

4.0 
16.7 

7.6 

%8 
0 

26.1 
9.8 
9.7 

11.0 

Sis 

0 
25.1 

8.5 
16.4 

10.1 

<!i.7 

0 
31.8 

2.1 
12.6 

14.8 

%3 

0 
33.8 

4.6 
15.2 

13.3 

0 

17.3 
13.5 
15.8 

18.9 

3.4 
36.2 
20.9 
18.0 

ia5 

0 
29.3 

6.1 
12.8 

11.3 

&k 

0 
26.1 

3.1 
15.6 

ia4 

0 

2S.0 
4.4 

18.2 

Average 

18.6 

11.2 

14.1 

12.7 

14.6 

15.5 

19.3 

12.7 

13.8 

14.6 

Crop  value,  cost  of 

production,  etc.: 

Value    

$5.58 
6.46 

14.59 
5.99 

$5.78 
4.65 

$5.21 
5.45 

$5.99 
7.07 

$6.36 
14.51 

$7.91 
11.40 

Cost 

Profit  or  loss 

-  .88 

-1.40 

1.13 

-  .24 

-1.08 

-8.15 

-8.49 

I  Destroyed  by  hail. 
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The  results  range  from  an  average  yield  of  8.9  bushels  per  acre 
on  spring-plowed  barley  land  to  19.3  bushek  per  acre  on  summer- 
tilled  land.  Green  manure  is  in  second  place;  with  average  yields 
of  15.5  bushek  per  acre.  In  all  but  the  first  year,  peas  plowed 
under  produced  sMghtly  larger  crops  than  winter  rye  similarly 
treated.  There  has  been  a  gain  of  1  bushel  per  acre  from  sub- 
soiling  over  fall  plowing  not  subsoiled.  Furrowing  over  winter 
with  a  lister  produced  practically  the  same  as  fall  plowing.  Fall- 
plowed  barley  stubble  gave  better  results  than  spring-plowed  bar- 
ley stubble.  Spring-plowed  oat  stubble  produced  practically  the 
same  as  fall-plowed  barley  stubble.  Disked  com  groimd  produced 
slightly  better  yields  than  the  average  of  the  crops  following  small 
grains  on  fall  or  spring  plowing. 

The  main  poSsitive  result  shown  in  the  table  of  yields  is  an  increase 
of  about  6  bushels  an  acre  as  the  result  of  summer  tillage,  or  a  some- 
what lesser  increase  as  a  result  of  modifying  the  summer  tillage  by^ 
plowing  under  a  crop  of  green  mamu^e. 

The  only  method  that  produced  barley  at  a  profit  was  that  of 
disking  com  ground.  This  shows  a  profit  of  $1.13  per  acre.  All 
other  methods  show  losses  which  range  from  24  cents  on  listed 
ground  to  $3.49  on  summer-tilled  land  and  $8.15  on  green-manured 
land. 

GARDEN  Cmr  FIELD  STAHON. 

Dining  the  work  of  six  years  with  barley  under  study  at  Garden  City, 
Kans.,  one  crop  has  been  lost  by  drought  and  one  by  hail.  In  the 
other  fom*  years,  yields  have  been  obtained. 

The  highest  average  yield,  11  bushels  per  acre,  has  been  obtained 
from  summer  tillage. '  Next  to  this  in  point  of  average  yield  is  disked 
com  groimd.  Subsoiling  has  given  the  same  average  yields  as  fall 
plowing  done  at  the  same  time  without  subsoiling.  Marked  advan- 
tage in  two  years  appears  to  have  been  derived  from  furrowing  with 
a  lister  and  leaving  the  land  rough  through  the  winter  instead  of 
plowing. 

On  the  whole  the  average  yields  are  so  low  and  there  are  so  many 
inconsistencies  in  the  behavior  of  the  different  methods  from  year  to 
year  that  the  results  are  chiefly  valuable  as  indicators  rather  than  as 
dei^te  guides  to  practice.  It  appears  that  there  is  sound  reason  for 
the  consensus  of  opinion  as  evidenced  by  farm  practice  which  gives 
httle  place  to  spring-sown  barley  in  the  territory  served  by  this 
station. 

The  crop  has  been  produced  at  a  loss  by  aU  the  methods  under 
trial.  The  losses  range  from  $1  per  acre  on  disked  com  groimd  to 
$6.89  on  summer-tilled  land. 


Digitized  by 


Google 


26 


BULLETIN  222,  V.  8.  DBPABTMBNT  OP  AGBICTJLTUBE. 


Table  XVI. —  Yielda  and  cost  of  production  of  barley  by  different  methods  at  the  Ganden 
City  Field  Station,  1909  to  1914,  indutive. 


%T,,--,tiM^ 

Yield  per  acre  (bushds). 

Treatment  and  previous  crtq^. 

Of  plats 
averaged. 

1900 

1010 

1011 

1912 

1918 

1014 

Aven«BL 

Fall  plowed:  Barley 

1 

4.8 

5.4 

0 

9.0 

0) 

15.2 

10 

Spring  ptotred: 

1 

1 

2.4 

5.7 

LO 
2.3 

0 
0 

6.9 
17.0 

0) 

3.9 
3.5 

18 

Oats 

L7 

'IV>tal  or  average 

2 

4.1 

1.7 

12.0 

3.7 

13 

Listed:  Barley 

1 
1 
3 

1 

3.2 

3.7 

4.8 

10.0 

5.0 
5.2 
5.4 
18.5 

0 
0 
0 
0 

14.5 
&5 
15.8 
13.1 

0) 

hi 

1&.8 
17.8 
18L5 
18.5 

13 

Snbsolled:  Barler 

6u9 

Disked:  Com .' 

19 

fi^vnf  ifi^ir  tilled 

ILO 

Average  of  alio  plats 

4.6 

5.4 

12.0 

15.7 

7.7 

8UMMABT  or  Yields  and  Diqbst  or  Cost. 


Tillage  treatment 

Prevloos  crap. 

Yields,  values,  etc.  (average 
per  acre). 

FaU 
plowed 
a  plat). 

(iplats). 

Disked 
(3  plats). 

Listed 
(iplat). 

Sub- 
sofled 
(iplat). 

Summer 

tilled 

(Iplat). 

SmaU 

grain 

(5  plats). 

Con 
(8plati). 

Yields  of  grain: 

1909 bushels.. 

1910 do.... 

1911 do.... 

1912 do.... 

1913» do.... 

1914 do.... 

4.8 
5.4 
0 
9.0 

4.1 
L7 
0 
12.0 

4.8 
5.4 
0 
15.8 

<ll5 

3.2 
5.0 
0 
14.5 

<il8 

3.7 
5.2 
0 
&5 

lao 

18.5 
0 
18.1 

<Jl5 

4.0 
8.8 
0 
1L2 

18 
&4 
0 

Average 

6.9 

4.3 

&0 

&3 

6.0 

ILO 

6l1 

89 

Crop  value,  cost  of  produo- 
Value  of  crop 

S2.83 
6.46 

$1.76 
5.99 

13.65 
4.65 

83.40 
5.45 

^^ 

84.51 
1L40 

Cost  of  production 

Loss       

-3.63 

-4.23 

-1.00 

-2.05 

-4.24 

-6.80 

1  Destroyed  by  halL 
DALHART  FIELD  STAHON. 

Persistent  attempts  have  been  made  for  six  years  to  grow  bariey 
at  the  station  at  DsJhart,  Tex.  The  crop  has  been  lost  in  the  diffo^nt 
years  by  hail,  drought,  and  soil  blowing. 

In  only  two  years  have  any  yields  been  obtained.  If  this  record 
is  indicative  of  average  conditions,  as  it  is  believed  to  be,  it  woiild 
show  that  spring-sown  barley  has  no  place  in  the  farm  practice  of 
this  section. 
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Tablb  XVII. —  Yields  and  co$t  of  production  of  barley  by  dij^erent  methodt  at  the  Dalhart. 
Field  Station,  1909  to  1914,  inclusive. 


Nomber 
ofpk^ 
aTwaged. 

TMd  par  aora  (bushels). 

Tnatmeot  and  pnrioiis  crop. 

1909 

1910 

1911 

1912 

1913 

1914 

Ayerage. 

Fell  plowed:  BeHey. . 

1 

0 

0) 

0 

0) 

0 

1&6 

3.9 

"p^f^T^f.1 

1 

1 

0 
0 

?i 

0 
0 

« 

0 
0 

7.7 

1.9 

oSb  :^.v^v^v^v^...... 

Total  or  ftveran 

3 

7.7 

1.9 

Lhted:  Barley 

1 
8 

1 

0 
0 
7.6 

0) 

0 
0 
0 

0) 
0) 

0 
0 
0 

17.6 
6l4 
l&l 

4.4 

I>feked:Coni' 

1.6 

Summer  tilled 

6.4 

AvcraseofallSDlatB 

1.3 

13.1 

3.6 

SUMMABT  OP  YlBLDe  AND  DiOIST  OP  C08T. 


Tillage  treatment. 

Yields,  yahies,  etc.  (ayerage 
per  acre). 

Fall 
plowed 
(Iplat). 

Disked 

(3  plats). 

Listed 
(iplat). 

Summer 

tmed 
(Iplat). 

SmaU 

grain 

(4  plats). 

Com 
(8  plats). 

Yields  of  gratai: 

1900 bushels.. 

1910 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

0 
16.6 

0 

7.7 

0 

% 

6.4 

0 
17.6 

7.5 
18.1 

0 
18.6 

0 

6.4 

Average 

3.9 

1.9 

1.6 

4.4 

6.4 

3.4 

1  6 

Grop  value,  cost  of  production, 
Vahie 

11.60 
6.46 

ta78 
6.99 

ta66 
4.65 

•1.80 
5.45 

$2.62 
11.40 

Cost 

LOM   

-4.86 

-5.21 

-3.99 

-3.66 

-8.78 

1  Destroyed  by  hail. 
AMABnJiO  WtEU>  STAHON. 

The  results  with  barley  at  Amarillo,  Tex.,  have  been  tabulated  for 
six  years;  1910  is  not  induded,  owing  to  the  necessity  of  changing  the 
location  of  the  farm.  The  crop  of  that  year  was  the  first  from 
prairie  sod  and  was  raised  on  land  uniform  in  its  preparation  for  all 
plats.  While  there  was  some  growth  of  straw,  a  crop  of  grain  did 
not  mature.  Three  of  the  six  years  under  study  were  productive  of 
much  better  average  yields  than  the  other  three.  During  two  years 
the  crop  was  practically  a  failure  by  all  methods.  In  the  remaining 
yeiCr  one  method,  summer  tillage,  gave  a  yield  of  17.5  bushels  per 
acre,  while  most  of  the  other  methods  were  failures.  On  the  average, 
there  appears  to  have  been  no  increase  in  yields  from  subsoiling,  from 
listing  instead  of  plowing,  or  from  raising  the  barley  on  disked  com 
ground. 
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The  only  method  that  has  consistently  shown  increases  sufficient  to 
attract  attention  is  summer  tillage.  Under  this  method  barley  bus 
given  an  average  yield  for  six  years  of  12.6  bushels  per  acre,  with  a 
maximum  yield  in  any  one  year  of  19.6  bushels  per  acre.  On  the 
whole,  barley  does  not  seem  to  offer  more  promise  for  this  section 
than  any  other  of  the  spring-sown  small  grains. 

A  loss  by  all  methods  under  trial  has  attended  the  growth  of  the 
crop.  These  losses  range  from  $1.94  on  disked  com  ground  to  16.23 
on  summer-tilled  land. 

Table  XVIII.—  Yields  and  cost  of  production  of  barley  by  different  methods  at  the 
AmariUo^  Field  Station  for  1908, 1909  y  and  1911  to  1914,  inclusive. 


Number 
of  plats 

Yield  per 

acre  (busheb). 

Tnatment  and  previous  crop. 

1900 

1910 

1911 

1012 

1013 

1914 

AvHiga. 

Fall  plowed:  Bariey 

1 

13.2 

6.8 

11.7 

1.7 

0 

1«.7 

8.S 

Spring  plowed: 

1 
1 

7.9 
8.1 

0 
0 

12.2 
12.3 

2.7 
1.1 

0 
0 

2L0 
2.7 

7.8 

Oats.^ 

4.0 

Avenge 

2 

8.0 

0 

12.3 

1.9 

0 

11.9 

5.7 

Listed:  Barley 

1 
1 
1 
1 

las 

11.9 
7.6 
15.2 

0 
0 
0 
17.6 

11.4 
10.3 
11.8 
16.0 

1.6 
1.6 
1.7 
4.2 

0 
0 
0 
4.2 

13.1 
17.1 
18.8 
19.6 

6kl 

Subsofled:  Barley 

6i8 

Disked:  Com 

6.6 

Summer  tilled 

116 

Average  of  all  7  plats 

10.7 

3.3 

12.1 

2.1 

.6 

15.6 

7.4 

SuMMABT  or  Yields  and  Diobst  or  Cost. 


TUlage  treatment. 

Previous  cnp. 

Yields,  values,  etc.  (average  per 
acre). 

Fall- 
plowed 

(1 
plat). 

Spring- 

(2 
plats). 

Disked 

(1 
plat). 

Listed 

(1 
plat). 

Sub- 
soUed 

(1 
plat). 

Sum- 
mer- 
tffled 

(1 
plat). 

Sman 
grain 

(5 
plats). 

Com 

A 

Yields  of  grain: 

1908 bushels.. 

1909 do.... 

1911 do.... 

1912 do.... 

1913 do.... 

1914 do.... 

13.2 
5.8 

11.7 
1.7 
0 

16.7 

8.0 

0 
12.3 

L9 

0 
11.9 

7.5 

0 
11.8 

L7 

0 
18.8 

10.8 

0 
11.4 

L5 

0 
13.1 

U.9 
0 

ia3 

1.5 
0 
17.1 

15.2 
17.5 
15.0 
4.2 
4.2 
19.6 

U.6 
L7 
0 

14.1 

7.5 

,i. 

1.7 
0 
188 

Average 

8.2 

6.7 

6.6 

6.1 

6.8 

12.6 

6.5 

&6 

Cropvalue,  ooet  of  production,  etc.. 

$3.36 
6.46 

12.34 
5.99 

$2.n 

4.65 

12.60 
6.45 

82.79 
7.07 

•5.17 
n.40 

Cost 

Loss 

-3.10 

-3.66 

-1.94 

-2.95 

-4.28 

-6.28 

1  The  location  of  the  station  was  changed  in  1910,  and  the  reodrds  for  that  year  were  not  used.' 

GENERAL  DISCUSSION  OF  RESULTS. 

In  the  preceding  pages  the  data  have  been  presented  and  discussed 
for  each  station  separately.  In  the  following  pages  some  of  the  more 
important  phases  are  discussed  from  a  more  general  standpoint. 
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To  facilitate  this  study,  Table  XIX  has  been  prepared,  bringing 
together  for  each  station  the  average  yields  as  grouped  for  this  study 
under  different  methods  of  preparation,  and  also  assembling  the 
data  from  the  tables  of  yields  and  cost  of  production  in  such  a  way  as 
to  show  the  profit  or  loss  in  dollars  and  cents  per  acre  for  the  average 
crop  by  each  method  for  which  it  has  been  computed  at  each  station. 

Table  XIX  shows  that  the  yields  at  Belle  Fourche,  Garden  City, 
Dalhart,  and  Amarillo  have  been  markedly  lower  than  at  the  10 
other  stations.  While  some  methods  have  increased  the  yields  at 
these  stations,  they  have  not  brought  them  up  to  a  point  that  offers 
much  encouragement  for  the  growth  of  barley.  The  only  profit 
shown  from  any  method  imder  study  at  these  stations  is  one  of  35 
cents  per  acre  from  disked  com  ground  at  BeUe  Fourche.  This 
nominal  profit  has  resulted  from  the  low  cost  of  production  rather 
than  from  the  amount  of  yield.  The  indications  are  that  the  combi- 
nation of  soil  and  climatic  conditions  at  these  stations  is  not  favorable 
to  the  growth  of  barley,  nor  can  the  imf avorable  conditions  be  over- 
come by  cultural  practices. 

Table  XIX. — Comparison  of  the  average  yields  and  profit  or  loss  in  the  production  of 
barley  by  different  methods  of  tillage  atjmirteen  stations  in  the  Great  Ptains  area. 


Number 
of  years 
avcffsged. 

Methods  of  tillage. 

Stoteq^tofdata. 

Pall 
ploived. 

p%^. 

Listed. 

Sub- 
soiled. 

Disked. 

Green 
manured. 

Summer 
tilled. 

Yields  per  acre  (bushels): 

94.0 

24.0 
29.6 
16.1 
24.6 
18.5 
25.6 
&3 
16.4 
16.9 
18.8 
11.2 
4.3 
1.9 
6.7 

$3.86 

0.16 

.61 

4.10 

1.60 

4.47 

-2.60 

.32 

.53 

1.72 

-1.40 

-4.23 

-6.21 

-3.65 

29.0 

30.6 

29.0 
34.6 
27.6 
37.4 
23.4 
14.9 
12.2 
18.6 
13.4 
18.4 
14.1 
&9 
1.6 
6.6 

$7.24 
9.50 
6.63 

30.2 

Hniitiey X.,.  ...  . 

43.8 
J... 

WfllMmi    .       . 

17.4 
25.1 
16.7 
19.9 
7.6 
14.0 
17.1 
18.6 
13.0 
6.9 
3.9 
8.3 

S3. 38 

28.8 

T>lckfrwon 

32.5 

Edceley 

2ao 

Hwtlngnr...     

31.8 

Belle  fourche 



7.7 
14.4 

8.0 
15.0 

12.6 

Soottsbluil 

27.6 

North  Platte 

26.7 

Akron 

17.9 
12.7 
&3 
4.4 
6.1 

$6.44 

14.0 
14.6 
6.9 

24.8 

Hays 

16.6 

19.3 

Garden  City 

11.0 

THilhart 

6.4 

Amarfllo 

6.8 
16.44 

12.6 

Pioflt  or  loss  (-)  per  acre: 
Judith  Basfu.Tr. 

"'iiii' 

10.98 

Huntley 

wnifatAi . 

.67 
3.88 

.39 

1.70 

-3.34 

-  .72 
.65 

L17 

-  .88 
-3.63 
-4.86 
-3.10 

.41 

TkiclrfiMon...              .    ,    . 

10.68 

.. 

1.93 

Edgeley 

4.94 

1.46 

.35 

2.98 

.84 

2.89 

1.13 

-1.00 

-3.99 

-1.94 

—3.20 

•a^EiOnptxT 

1.64 

BeDe  fourche 

-2.29 
.46 

-3.79 
-  .92 

-6.23 

Soottsblufr 

—  .06 

North  Platte 

—  .55 

Aknm 

1.89 
-  .24 
-2.05 
-3.65 
-2.96 

-1.33 
-1.08 
-4.24 

"*-4."28' 

—1.23 

Hays 

-8.16 

—3.49 

QaidenOlty 

—6.89 

Dalhart 

—8.78 

Amarlllo 

-6.23 

Table  XTX  also  shows  that  at  10  of  the  14  stations  under  study 
disked  com 'ground  has  been  productive  of  higher  yields  of  barley 
than  either  the  fall  or  spring  plowing  of  stubble.  At  Hettinger  and 
North  Platte  it  has  been  clearly  exceeded  by  both.     At  Akron  it 
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has  been  exceeded  by  both,  but  the  differences  among  the  three 
are  only  fractions  of  a  bushel.  At  Amarillo  disked  com  land 
has  been  between  fall-plowed  and  spring-plowed  stubble  in  yield 
Its  low  cost  of  production  has  made  it  the  most  profitable  method 
under  trial  at  all  stations  except  Hettinger.  It  has  been  productive 
of  a  profit  at  all  stations  except  Garden  City,  Dalhart,  and  Amarillo. 
This  study,  dealing  with  but  one  crop,  does  not  consider  the  relative 
profitableness  of  other  crops  in  the  farming  system. 

It  should  be  borne  in  mind  that  at  all  stations  disking  com  ground 
as  a  preparation  for  all  small  grain  crops  has  been  done  upon  com 
land  kept  free  from  weeds.  If  weeds  were  allowed  to  develop  in  the 
com,  similar  results  should  not  be  expected.  To  the  extent  that 
the  weeds  developed  or  were  unhindered  in  their  growth,  just  so  far 
would  the  com  groimd  approach  a  grain  stubble  in  the  condition  of 
the  seed  bed.  If  the  weeds  matured  seed,  further  damage  by  their 
growth  might  be  done  to  the  succeeding  crop. 

Preparing  the  groimd  with  a  lister  instead  of  a  plow  has  been 
practiced  at  eight  stations.  At  only  one  station,  Judith  Basin,  were 
the  yields  very  materially  different  from  those  on  fall-plowed  land* 
But,  as  has  been  pointed  out,  the  yields  on  fall-plowed  land  at  that 
station  were  lowered  somewhat  by  damage  done  by  gophers.  At 
the  other  stations,  though  it  did  not  in  all  cases  give  higher  yields 
than  plowing,  it  showed,  owing  to  a  lower  cost  of  preparation,,  slightly 
more  profit  where  profits  are  shown  and  less  loss  where  losses  are 
shown  than  plowing. 

The  difference  between  spring  and  fall  plowing  is  largely  one  of 
season.  In  the  average  of  the  13  stations  at  which  both  were  under 
trial  there  is  practically  no  difference.  At  only  three  stations  is 
there  a  difference  of  over  2  bushels  per  acre.  At  the  four  more 
southern  stations  the  advantage  has  been  with  fall  plowing.  This 
is  the  only  consistent  territorial  difference  to  be  noted  in  the  com- 
parison of  these  two  methods,  but  production  at  these  four  stations 
and  at  Belle  Fourche  has  resulted  in  a  loss  by  both  methods.  Spring 
plowing  shows  a  profit  at  all  other  stations,  and  fall  plowing  shows 
a  profit  at  all  others  except  Scottsbluff. 

Subsoiling  in  preparation  for  the  barley  crop  has  been  practiced  at 
seven  stations.  At  only  two  of  these  has  the  consequent  yield  de- 
parted far  from  that  on  fall-plowed  land.  At  the  Judith  Basin 
station  there  has  been  a  marked  gain  and  at  Akron  a  marked  de- 
crease. In  the  average  of  the  seven  stations  the  yield  from  this 
method  has  been  only  0.4  of  a  bushel  more  than  from  fall  plowing. 
The  cost  of  the  method  has  been  such  that  it  has  paid  a  profit  at  only 
the  Judith  Basin  station. 

The  highest  average  yields  at  eleven  of  the  fourteen  stations  have 
been  by  summer  tillage.    At  the  Judith  Basin  station  subsoiled  land 
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has  yielded  a  fraction  of  a  bushel  higher.  At  Dickinson  and  Edgeley 
the  yields  on  disked  com  ground  have  been  appreciably  higher  than 
on  summer  tilled-land.  While  the  averages  of  all  the  stations  are 
not  strictly  comparable,  summer  tillage  has  increased  the  yield  over 
the  fall  plowing  and  the  spring  plowing  of  cropped  land  nearly  one- 
half.  The  average  increase  over  disked  corn  ground  has  not  been 
nearly  so  great. 

These  increases  in  yields  have  not  been  in  proportion  to  the  in- 
creased cost  of  the  method.  In  no  case  has  summer  tillage  been  the 
most  profitable  method  imder  trial.  As  values  and  costs  are  here 
figured;  this  method  shows  a  profit  at  only  four  stations,  Judith 
Basin,  Williston,  Dickinson,  and  Hettinger.  At  Scottsbluff,  North 
Platte,  and  Hays  the  losses  have  been  small.  At  the  other  seven 
stations  they  have  been  sufficiently  great  to  discom-age  hope  of 
changing  them  to  profits  by  the  extension  of  the  record  or  by  an 
adjustment  of  value  or  cost. 

Green  manuring  for  barley  has  been  tried  at  only  two  stations, 
Himtley  and  Hays.  At  Huntley,  where  it  was  in  comparison  with 
only  spring-plowed  land  and  disked  com  groimd,  it  gave  the  highest 
average  yield.  This  average  is  the  highest  resulting  from  any 
method  at  any  station.  The  record,  however,  is  for  only  two  years. 
At  Hays  its  yield  has  been  greater  than  that  on  land  from  which  a 
crop  was  harvested,  but  not  as  high  as  that  on  summer-tilled  ground. 

On  the  whole,  differences  in  climatic  .conditions  of  different  seasons 
have  produced  much  wider  variations  in  yields  than  have  resulted 
from  differences  in  cultivation.  Some  seasons  have  a  combination 
of  climatic  factors  so  adverse  as  to  produce  failures  by  all  methods 
of  tillage  at  some  stations.  Other  seasons  have  conditions  so  favor- 
able that  any  and  all  methods  of  tillage  produce  good  crops.  Still 
other  seasons  prohibit  production  by  some  methods,  but  allow  it 
with  others.  The  greater  the  number  of  years  averaged  the  more 
nearly  will  the  final  figure  represent  average  seasonal  conditions. 
This  longer  average  will  also  tend  to  reduce  the  wide  differences 
that  may  result  between  methods  dmdng  some  seasons  especially 
favorable  to  some  particular  method.  No  method  so  far  tried, 
however,  has  been  able  to  overcome  the  extremely  unfavorable  con- 
ditions which  sometimes  exist. 

CONCLUSION'S. 

(1)  Differences  in  the  climatic  conditions  of  different  seasons  have 
caused  much  wider  variations  in  yields  than  have  resulted  from  dif- 
ferences in  cultivation. 

(2)  Yields  at  Belle  Fourche,  Garden  City,  Dalhart,  and  Amarillo 
have  been  markedly  lower  than  those  obtained  at  the  other  field 
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stations.     The  only  profit  shown  at  any  of  these  stations  is  35  cento  i 
an  acre  on  disked  com  ground  at  Belle  Fonrche. 

(3)  The  highest  average  yields  at  eleven  of  the  fourteen  stations 
have  been  by  summer  tillage.  On  the  average,  it  increased  the 
yields  nearly  one-half  over  those  produced  on  land  cropped  in  the 
preceding  year.  On  account  of  its  cost  it  has  not  been  the  most 
profitable  method  of  production. 

(4)  At  ten  of  the  fourteen  stations  under  study  disked  com 
ground  produced  higher  yields  than  from  either  the  fall  plowing  or 
the  spring  plowing  of  barley  stubble.  It  has  been  the  most  profitable 
method  under  trial  at  all  the  stations  except  Hettinger. 

(5)  The  relative  advantage  of  either  fall  or  spring  plowing  is 
largely  dependent  upon  the  season.  In  the  general  average  of  the 
thirteen  stations  at  which  each  method  has  been  tried  there  is  prac- 
tically no  difference.  At  only  three  stations  has  there  been  an 
average  difference  of  over  2  bushels  per  acre  between  the  two  meth- 
ods. At  the  four  more  southern  stations  fall  plowing  has  been  bet- 
ter than  spring  plowing. 

(6)  At  the  seven  stations  where  subsoiling  for  barley  has  been 
tried  it  has  produced  an  average  of  only  0.4  of  a  bushel  more  than 
fall  plowing.  At  only  two  stations  has  there  been  a  marked  difference 
in  the  results  of  the  two  methods.  At  one  of  these,  subsoiling  has 
been  responsible  for  an  increase  and  at  the  other  for  a  decrease  in 
yield. 

(7)  At  eight  stations  listing  instead  of  plowing  has  been  tried. 
While  the  resulting  yields  have  not  been  materially  different  from 
those  on  fall-plowed  land,  the  lower  cost  of  listing  has  made  it  the 
more  profitable  method. 
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INTRODUCTION. 

At  the  present  time  most  students  of  the  date  rely  largely,  if  not 
wholly,  on  the  fruiting  characters  for  means  of  distinguishing  the 
numerous  varieties. 

While  it  is  recognized  that  in  the  Old  World  date-growing  countries 
the  natives  distinguish  almost  intuitively  the  different  varieties  of 
dates  by  the  tree  habit  and  leaf  characters,  but  little  attention  has 
been  given  to  these  points  by  European  and  American  students  of  the 
date  and  no  attempt  has  been  made  to  systematize  these  characters. 

The  date  trees  certainly  possess  such  characters,  and  the  varietal 
distinctions  are  as  constant  in  the  trunk  and  leaf  as  they  are  in  the 
fruits. 

From  the  beginning  of  the  study  of  the  imported  date  trees  in  the 
American  gardens  there  has  been  felt  the  need  of  a  method  of  com- 
paring and  describing  the  different  trees  in  the  absence  of  their  fruit 
and  independently  of  their  fruit  characters. 

This  becomes  of  importance  in  assisting  date  work  along  two  very 
distinct  lines — the  identification  and  comparison  of  varieties,  either 
imported  or  originating  in  this  country,  and  the  study  of  seedlings 
originating  from  the  cross-poUination  of  different  varieties. 

Note.— This  bulletin  is  of  interest  to  date  growers,  especially  in  the  Southwestern  States. 
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To  enable  the  observer  to  make  such  foliage  comparisons  in  a  pre- 
cise and  systematic  manner,  capable  of  tabulation  for  future  refer- 
ence, is  the  most  important  use  to  which  this  study  of  date-foliage 
characters  can  be  put. 

Most  of  the  workers  in  the  date  gardens  of  the  Department  of  Agri- 
culture soon  learn  to  recognize  the  more  prominent  varieties  by  such 
obvious  characters  as  a  slender  or  a  heavy  trunk;  leaves  with  broad 
or  narrow  rib  bases,  erect  and  rigid  in  growth  or  more  or  less  spread- 
ing, feathery,  and  graceful.  Less  elementary  characters  are  recog- 
nized, but  not  formulated,  which  would  distinguish  two  varieties  which 
might  agree  in  the  more  fundamental  points.  There  are  differences 
in  the  broad  outlines  of  the  leaf  blade  as  a  whole  and  differences  in  the 
blade,  as  to  whether  it  is  smooth  and  nearly  flat  or  whether  from 
varying  angles  of  the  pinnae  it  appears  on  the  defensive  with  bayonet- 
like points  thrust  out  in  all  directions,  as  if  to  resist  assault. 

Most  persons  who  become  familiar  with  date  trees  will  distinguish 
between  trees  of  varieties  which  possess  many  characters  in  common 
if  they  are  side  by  side  for  comparison;  fewer  will  be  able  to  keep  the 
resemblances  and  differences  in  mind  if  the  compared  trees  are  on 
opposite  sides  of  the  garden,  and  a  still  smaDer  number  will  be  able  to 
keep  varietal  characters  clearly  in  mind  in  going  from  one  locality  to 
another. 

The  object  of  this  study  has  been  to  determine  just  what  varietal 
characters  in  date  trees  consist  in;  then  to  apply  names  and  formulate 
these  so  that  they  may  be  used  in  classifying  and  determining  varieties, 
much  as  floral  and  foliage  characters  are  used  by  the  systematic 
botanist. 

Perhaps  of  all  cultivated  plants  the  date  palm  is  the  most  mechan- 
ical or  geometrical  in  its  external  structure.  The  cylindrical,  col- 
umnar trunk  has  the  overlapping  leaf  bases,  like  inverted  tiles, 
arranged  in  broad  right  or  left  spirals.  The  rachis,  or  rib,  is  long, 
smooth,  and  rodlike,  and  its  expansion  toward  the  base  is  along 
symmetrically  molded  surfaces. 

The  leaflets,  or  pinnae,  are  in  symmetrical  ranks  from  either  side  of 
the  rib,  and  each  individual  has  its  polished  sword-shaped  blade  folded 
lengthwise  with  the  precision  of  machine  work.  In  the  unopened  leaf 
the  pinnae  are  placed  with  the  compactness  of  the  ribs  of  a  fan,  and  in 
expanding  each  assumes  within  certain  limits  a  definite  angle  with 
the  rachis  peculiar  to  its  class. 

Having  such  features  to  deal  with,  the  writer  feels  that  no  further 
explanation  is  needed  for  the  very  mechanical  way  in  which  the  sub- 
ject of  date-tree  characters  is  treated.  It  is  the  only  method  by 
which  the  subject  can  be  approached. 
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THE  date  tree. 

Date  trees  have  no  true  branches,  but  during  their  earlier  years, 
and  under  some  conditions  up  to  a  considerable  age,  buds  are  pushed 
in  the  axils  of  the  leaves  and  later  develop  into  suckers  or  oflFshoots. 
These,  if  left  undisturbed,  may  form  trunks  and  tops  of  their  own 
and  grow  to  a  size  second  only  to  the  parent  tree  and  identical  with 
it  in  leaf  and  fruit  characters.  When  these  offshoots  are  removed 
at  a  proper  size  and  planted  by  themselves  they  aflford  the  only 
means  we  have  of  propagating  the  parent  variety  true  to  type. 
(See  PI.  I.) 

The  flower  stalks  of  the  date  are  produced  from  the  axils  of  the 
leaves  in  similar  positions  to  those  in  which  the  offshoots  are  pro- 
duced. 

While  many  genera  of  palms  have  either  perfect  or  monoecious 
flowers,  all  species  of  the  genus  Phoenix  are  dioecious,  the  male  and 
female  flowers  being  borne  on  separate  trees.  In  rare  instances  both 
pistillate  and  staminate  flowers  are  produced  on  the  same  spike.* 

In  noticing  a  date  tree  closely,  one  finds  only  a  central  columnar 
trunk,  from  the  one  bud  at  the  top  of  which  new  leaves  are  pushing 
out,  while  around  its  sides  the  older  leaves  clasp  the  stem  with  their 
broad-sheathed  bases.  If  the  tree  has  reached  some  age  and  the 
trunk  has  gained  a  few  feet  in  height,  the  older  lower  leaves  will 
probably  have  been  cut  away,  leaving  a  foot  or  more  of  their  bases 
arranged  in  orderly  position  around  the  trunk  in  the  manner  of 
reversed  tiles.  Closely  wedged  in  between  these  are  dozens  of  sheets 
of  very  tough,  coarse-matted  fiber,  called  *'leef"  by  the  Arabs, 
the  remnants  of  the  leaf  sheaths.  (PL  II.)  The  real  trunk  of  the 
date  tree  is  inside  of  these  and  is  greatly  strengthened  and  protected 
by  them.  It  is  strengthened  and  supported  by  the  wrapping  of 
their  tough  fibers  against  the  leverage  of  the  desert  winds,  which 
exert  a  powerful  pressure  upon  the  broad  top.  It  is  protected  from 
bruising  and  battering  or  the  gnawing  of  grazing  animals,  and 
insulated  alike  against  the  intense  heat  or  the  sudden  freezing 
weather  of  the  winter  months,  which  may  descend  upon  even  a 
date-growing  desert.' 

LEAP  CHARACTERS  OP  THE  DATE. 

Upon  a  casual  examination  of  a  date  leaf  the  most  obvious  feature 
is  the  long  flexible  blade,  which  may  vary  in  length  from  3  or  4  feet 
in  a  yoimg  plant  to  9,  12,  or  even  16  feet  in  a  tree  of  mature  age. 
(PL  III.) 

>  As  the  various  species  of  this  genus  hybridize  readily  with  one  another,  the  so-called  date  palms  grown 
in  many  nurseries  and  sold  for  ornamental  planting  in  California  and  Florida  are  often  creased  to  such 
ao  extent  that  the  true  dactvliferf^  characters,  as  found  in  the  trees  obtained  from  the  Sahara,  are  difficult 
to  recognize,  and  the  application  of  the  rules  laid  down  in  this  bulletin  to  such  would  lead  to  confusion. 

«  Dateitrees  in  Arizona  and  California  subject  for  a  few  hours  to  a  temperature  of  15*  or  18°  F.  may  have 
the  outer  leaves  killed,  or  at  12**  F.  all  exposed  leaves  may  be  killed  and  the  protected  bud  or  growing 
point  of  the  tree  remain  uninjured,  so  that  new  leaves  are  pushed  from  the  center  when  spring  opens. 
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The  axis  of  this  blade  is  a  stout  polished  rib,  technically  called 
the  rachis,  which  may  be  several  inches  broad  where  the  leaf  is 
attached  to  the  trunk,  but  tapers  to  a  slender  tip  of  less  than  a 
quarter  of  an  inch.  (See  Plate  I.)  As  the  leaves  are  placed  on  the 
trunk  the  face  of  the  leaf,  which  is  inward  or  toward  the  center  of 
the  tree,  may  be  called  the  ventral  surface.  The  reverse  of  this, 
away  from  the  tree,  is  the  dorsal  surface.  The  right  and  left  sides 
will  be  designated  with  the  leaf  in  a  vertical  position  and  with  the 
observer  facing  the  trunk. 

If  an  entire  old  leaf  is  cut  away  at  its  attachment  to  the  trunk  it 
will  be  found  that  the  thick,  wedge-shaped  base  shows  torn  and 
ragged  margins,  or  perhaps  a  bit  of  matted  fiber  still  clinging  to  it, 
where  the  fibrous  sheath  has  been  torn  away.  At  the  line  of  attach- 
ment sheets  of  this  fiber  encircle  the  tree.  If  a  date  palm  be  dis- 
sected, cutting  away  leaf  after  leaf  till  we  get  toward  the  bud,  we  find 
leaves  with  their  original  structure  entire  and  the  mai^ins  of  the  wide 
base  of  the  rib  thinning  out  to  a  continuous  mat  of  brown  fibers,  which 
forms  a  complete  sheath  encircling  all  the  younger  growth.  As  the 
area  of  active  growth  is  approached,  near  the  center  this  sheath  will 
be  yellowish  white,  soft,  and  succulent,  not  more  than  2  or  3  inches 
in  diameter,  and  8  inches  or  a  foot  in  length.  In  a  large  tree  the 
sheath  may  be  20  inches  or  more  in  length.  On  the  opposite  side 
from  the  rachis  the  margin  of  the  sheath  has  an  upward  expansion 
into  a  broad  lingua,  or  tongue,  with  coarsely  incised  margins  and  a 
blunt-pointed  or  an  acuminate  apex,  which  sometimes  protrudes 
several  inches  against  the  inclosed  leaves  and  which  varies  in  a  manner 
somewhat  characteristic  of  different  varieties.  The  diagonal  arrange- 
ment of  the  fibers  aUows  the  sheath  to  expand  a  good  deal,  but  the 
continual  pushing  upward  of  new  leaves  from  within  and  the  expan- 
sion of  the  trunk  finally  rupture  it  or  tear  it  loose  from  the  sides  of  the 
rib.  Its  lower  margin  remains  attached  to  the  trunk,  so  that  this 
wrapping  of  old  sheath  fiber  may  persist  for  many  years.  In  rare 
instances,  the  variety  Lagoo,  for  example,  the  sheath  has  ear-shaped 
or  auriculate  expansions  at  the  upper  margin  of  its  attachment  to 
the  rachis.     Figure  1  shows  a  typical  date  leaf  with  the  various  parts. 

An  entire  leaf  comprises  the  upper  expanded  portion,  properly 
called  the  blade,  which  includes  the  length  from  the  first  spines  to  the 
top,  and  the  lower  portion,  representing  the  petiole,  including  the 
broad,  wedge-shaped  base  of  the  rachis  and  the  sheath.  The  blade 
is  divided  into  the  spine  area  and  the  pinnae  area,  the  exact  separation 
of  which  sometimes  can  be  only  approximated.  Varieties  differ 
greatly  in  the  proportion  of  the  leaf  blade  occupied  by  the  spines, 
which  may  range  from  18  or  20  per  cent  to  45  per  cent  of  the  entire 
blade  length. 
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A  9-Year-Old  Date  Tree  in  the  Cooperative  Date  Garden,  Tempe,  Ariz. 

A  large  number  of  offshoots,  shown  both  at  the  base  of  the  trunk  and  on  its  sides,  are 
trunmed  up  and  ready  for  removai. 


Digitized  by 


Google 


Bui.  223,  U.  S.  Dept.  of  Agricultura.  PLATE  II. 


A  20-Year-Old  Male  Date  Palm  in  the  Mecca  Cooperative  Date  Garden, 

Mecca,  Cal. 
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Plate  III. 
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A  Hayany  Date  Tree,  10  Years  Old,  at  the  Tempe  Cooperative  Date  Garden. 

ThlB  tree  shows  a  number  of  offshoots  on  the  trunk,  8  or  4  feet  from  the  ground;  also  gnucetul 
foliage  and  long,  flexible  "ribbon"  pinnse. 
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The  broad  outlines  of  the  blade  vary  considerably  with  different 
varieties  and  are  determined 
by  the  length  of  the  pinnae 
in  different  parts  of  the  blade 
and  the  angles  which  they 
form  with  the  rachis  and 
plane.  To  illustrate:  If  in  a 
given  leaf  the  pinnae  at  the 
middle  of  the  blade  are  16 
inches  long  and  placed  at 
right  angles,  or  90°,  with  the 
rachis  and  lie  in  the  plane  of 
the  blade;  that  is,  so  that 
the  leaf  is  flat,  the  leaf  will 
be  32  inches  broad,  not  count- 
ing the  breadth  of  the  rachis 
fig.  2,  A  J  Ih).  Let  the  same 
length  of  pinnae  be  placed  in- 
clined only  45°  from  the 
rachis  and  still  in  the  plane 
of  the  blade,  then  the  blade 
will  be  but  22}  inches  broad 
(fig.  2,  A,  cc).  But  let  the 
pinnae,  instead  of  lying  flat 
(fig.  2,5, 1)  diverge  45°  from 
the  plane  of  the  blade,  as  well 
as  45°  from  the  rachis  (fig.  2, 
B,  c),  then  the  leaf  blade  be- 
comes a  V-shaped  trough  only 
16  inches  broad,  or  half  the 
breadth  of  the  blade  with  the 
pinnae  flat  and  at  right  an- 
gles. 

THE  RACmS. 

A  close  in3pection  of  the 
rachis  of  the  date  leaf  shows 
that  it  is  irregularly  four- 
sided;  the  inner  or  ventral 
surface  is  usually  strongly 
arched  or  at  the  first  spines 
is  made  up  of  two  ogee  curves 
turned  together.  The  back 
or  dorsal  surface  is  moder-  _     , 

^   .  .  -  Fia.  i. — A  tjrplcal  date  leaf,  showing  Its  various  parts. 

ately    or    often    strongly 

roimded  at  the  base,  slightly  rounded  or  rarely  flattened  toward  the 
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top.  The  sides  or  lateral  faces  are  flat  or  somewhat  concave,  and 
their  inner  margins,  at  first  slightly  converging,  as  they  approach  the 
top  are  drawn  so  near  together  as  to  give  a  triangular  cross  section 
to  the  rib. 

The  characteristic  form  or  habit  of  tree  tops  of  each  date  variety, 
due  to  the  curves  of  the  leaf  blades,  is  largely  determined  by  the 

flexibility  of  the 
rfV  /[  rachis.    This  is  gov- 

erned in  part  by  the 
degree  of  firmness  and 
elasticity  of  the  fiber 
of  the  rachis,  but 
more  by  the  way  in 
which  the  diameter 
diminishes  along  the 
different  faces. 

The  feathery  grace 
of  the  Areshti  variety 
is  due  to  the  leaves 
maintaining  consider- 
able rigidity  in  the 
lower  portion,  but 
with  the  rachis  di- 
minishing to  a  deli- 
cate and  slender  flexi- 
bility at  the  apex. 
The  broad,  open  top 
and  loose,  lazy  curves 
of  the  Rharsleavesare 
due  to  a  rather  rapid 
diminishing  in  the  di- 
ameter of  the  rachis  a 
short  distance  above 
the  base,  yet  main- 
taining too  much  size 
in  the  apical  portion 
to  give  grace  or  airi- 
ness. In  the  Theory 
and  other  varieties  of  that  class  the  thick,  strong  rachis  holds  its  size 
and  rigidity  well  up  in  the  blade,  curving  only  when  forced  out  by 
the  growth  of  the  inner  leaves.  Such  trees  have  a  stiff  and  uncom- 
promising aspect  through  the  entire  top. 

The  relative  size  and  form  of  the  rachis  in  different  portions  of  the 
blade  are  so  characteristic  in  the  different  varieties  and  such  impor- 


Fio.  2.— Diagram  showing  how  the  size  of  the  date  leaf  is  affected  by 
the  angles  which  the  pinn®  form  with  the  rachis.  A  represents  the 
leaf  as  lying  flat,  the  dotted  lines  (b  h)  showing  the  breadth  the  leaf 
woald  have  with  the  pinnee  at  90*  of  axial  divergence,  the  solid  lines 
(c  c)  showing  the  breadth  of  the  leaf  with  pinnse  diverging  45"  from 
the  axis.  B  represents  a  cross^ection  view  of  the  leaf,  h  showing  the 
pinnae  lying  in  the  blade  plane,  or  flat,  bat  with  an  axial  divergence 
of  45*;  e  shows  the  same  pinnse  also  diverging  45*  from  the  blade 
plane. 
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taut  factors  in  determining  the  form  assumed  by  the  tree  top  that  it 
has  been  thought  worth  while  to  make  outline  tracings  of  the  cross 
sections  of  the  rachis  of  leaves  of  the  different  varieties;  four  series  of 
which  are  reproduced  with  the  descriptions  of  the  respective  varieties 
as  text  figures  in  this  bulletin.  (See  figs.  11;  13,  14;  and  15.)  The 
first  section  is  in  all  cases  made  just  below  the  lowest  spines;  that  iS; 
at  the  base  of  what  has  been  defined  as  the  blade  of  the  leaf,  the  others 
1  or  2  feet  apart  to  the  apex  or  near  it. 

THE  PINNiC 

The  Cleans  commonly  caUed  leaflets,  or  properly  pinn»;  of  the  date 
leaf;  including  those  suppressed  as  spines,  nimaiber  from  50  or  60  to 
130  on  each  side  of  the  rachis.  The  two  sides  of  the*leaf  are  fairly 
synmietrical  as  to  the  length  of  the  pinnse  blades  and  the  angles  at 
which  they  are  placed  with  the  rachis,  but  not  quite  symmetrical  in 
numbers,  there  sometimes  being  a  difference  of  four  or  five  pinnse  on 
opposite  sides  of  the  leaf.  While  the  occurrence  of  pinnss  in  pairs 
is  not  infrequent;  it  appears  to  be  largely  accidental,  and  with  the 
general  irregtdarity  of  their  positions  they  can  not  be  regarded  as 
being  paired  and  opposite  in  position  in  the  sense  in  which  the  mem- 
bers of  many  compound  leaves  are  so  recorded. 

The  pinnsB  are  borne  on  the  lateral  faces  of  the  rachb,  with  normally 
a  single  pinna  at  the  apex.  In  Plates  I  and  IV  the  terminal  pinnae 
show  very  plainly  on  a  number  of  leaves. 

On  the  lower  part  of  the  blade  the  leaflike  pinnse  are  replaced  by 
stiff  acute  spines,  from  1  inch  to  7  or  8  inches  in  length.  These  are 
really  modified  pinnae,  as  is  clearly  shown  by  the  channel  in  one  side 
corresponding  to  the  fold  of  the  pinnae  blade;  also  by  their  mode  of 
attachment  and  arrangement  in  groups.  The  larger  spines  pass  by 
gradations  into  stiff  spinelike  forms,  which  will  be  caUed  spike  pinnae. 
Above  these  there  are  in  some  varieties  extra  long,  narrow  forms, 
so  thin  and  weak  as  to  be  pendulous,  which  will  be  referred  to  in 
descriptions  as  ribbon  pinnae.  In  Plate  IV  the  long,  pendulous  ribbon 
pinnae  can  be  noticed  on  the  lower  portion  of  several  leaves. 

Each  pinna  consists  of  a  green,  leathery,  sword-shaped  or  ensiform 
blade,  folded  lengthwise,  and  a  cushiony  expansion  or  callus,  called 
the  pulvinuS;  by  which  it  is  attached  to  the  rachis. 

In  a  few  varieties  the  lower  pinnae  and  some  spines  do  not  inmiedi- 
ately  broaden  beyond  the  pulvinus  into  the  thin  blade,  but  have  a 
short,  soUd,  necklike  portion,  elliptical  in  cross  section,  for  which 
the  name  colliun  (Latin  for  "neck")  is  proposed. 

Toward  the  upper  end  of  the  leaf  in  certain  varieties  the  folds  of 

the  pinnae  blade  are  somewhat  unequal,  the  lower  or  proximal  fold 

being  a  little  broader  than  the  upper  one.     Instead  of  being  inserted 

directly  into  the  rachis  it  is  attached  along  the  side,  running  down- 
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ward  (decurrent)  along  the  lateral  face  for  an  inch  or  two.  With  the 
fold  of  the  blade  slightly  broader  than  the  face  of  the  rib,  a  free  wing 
results,  and  a  series  of  these  with  corresponding  wings  from  the  oppo- 
site side  of  the  rachis  may  form  a  narrow  channel  along  the  middle 
of  the  inner  face  of  the  leaf.  When  such  wings  and  channels  are 
conspicuous  they  constitute  good  varietal  characters  and  also  are 
of  some  importance  in  affording  harbors  for  scale  insects,  particularly 
Phoenicococcus  marlaMi. 

When  the  new  leaves  issue  from  the  center  of  the  crown,  three, 
making  a  complete  circle  of  the  stem,  usuaUy  follow  in  close  succession 
and  are  crowded  into  the  form  of  an  irregtdar  cylinder.  This  gives  to 
each  emerging  leaf  the  form  of  a  third  of  a  cylinder  with  an  acumi- 
nate apex,  the  pinnie  being  folded  as  compactly  as  the  ribs  of  a  fan 

upward  against  the  rachis.  With 
the  expansion  of  the  rachis  the 
pinn»  diverge  and  the  cushiony 
pulvinus  at  the  base  of  each,  at 
first  scarcely  noticeable,  rapidly 
expands,  pushing  the  pinna  to  its 
characteristic  angle  and  holding 
it  there  securely. 

ANGLES  OF  PINNiE  WrTH  THE  BACHIS. 

The  difference  in  appearance  of 
the  leaves  of  varieties  of  dates  is 

FiG.3.— Diagram  showing  the  construction  of  imag-  -           ,,        ixi.j*/r          i.         y^ 

inaryplanesbisectfaigthedateleaflongitudinally,  largely  dUO  tO  the  dlllerent  angles 

by  means  of  which  the  angles  of  divergence  of  the  ^^  which  the  pinUSe  diverge  f  rODl 

pinnsefrom  the  rachis  are  read:  P£,  Plane  of  the  ,              ,  .           aa  ^     x      •   u*  ♦V* 

axis,  which  would  divide  the  leaf  Into  right  and  the  raCUlS.      At  HTSt  Slgnt  tHese 

left  halves;  PJB,  plane  of  the  blade,  dividing  the  ^^q  coufusing  and  are  bost  UndcT- 

leaf  into  dorsal  and  ventral  halves.  .        i  i                 .         ^*         ^ 

stood  by  constructmg  two  unag- 
inary  planes  parallel  with  the  leaf  and  vertical  to  each  other.  (See 
fig.  3.)  Note  (1)  the  plane  of  the  blade  (PB),  which  would  divide  the 
leaf  into  an  inner  or  ventral  haK  and  an  outer  or  dorsal  half,  and  (2) 
the  plane  of  the  rachis  (PR)  at  a  right  angle  to  the  first  and  dividing 
the  leaf  into  right  and  left  halves. 

If  all  pinnae  lay  in  the  first  plane  there  would  be  only  two  ranks,  a 
right  and  a  left  rank,  and  the  blade  would  be  broad  and  flat,  its  out- 
lines determined  by  the  length  and  axial  angles  of  the  pinnie.  If  the 
pinnae  were  inserted  vertically  or  at  90®  to  the  second  plane,  they 
would  project  from  either  side  like  the  teeth  of  a  double  comb. 

Actually  but  few  pinnae  in  PJioenix  dadylifera  lie  in  either  position, 
but  the  exact  position  of  any  pinna  may  be  recorded  with  precision 
by  determining  its  angle  with  each  of  these  two  planes. 
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It  is  not  to  be  supposed  that  date  leaves  are  so  perfectly  laid  off 
along  geometric  lines  that  we  have  but  to  read  a  set  of  angles,  refer 
to  a  table,  and  say  with  confidence,  ''this  is  Thoory,''  or  ''this  is 
Hay  any."  But  it  is  true  that  certain  ranges  of  angles  are  found 
only  in  certain  varieties,  and,. along  with  other  characters,  are  impor- 
tant factors  in  identification. 

PINNiC  CLASSES. 

A  third  character  in  the  insertion  of  the  pinnae  remains.  In  aU 
species  of  the  genus  Phoenix  the  folded  pinnae  are  attached  to  the 
rachis,  with  the  margins  and  channel  inward,  or  toward  the  ventral 
face  of  the  leaf,  and  in  some  species,  as  Phoenix  canariensisj  they  are 
quite  uniformly  attached  with  the  channel  directly  inward,  or  at 
right  angles  with  the  blade  plane. 

In  the  date  palm,  while  all  the  pinnae  face  generally  inward,  or 
ventrally,  only  a  portion  of  them  face  directly  inward  or  at  right 
angles  to  the  blade  plane.  An  important  class  of  them  are  placed 
facing  obliquely  forward  or  upward,  and  about  an  equal  number 
face  obliquely  backward  or  downward,  thus  giving  three  distinct 
classes  of  pinnae  as  to  position. 

Those  with  the  fold  facing  directly  inward,  or  attached  at  right 
angles  with  the  rib,  will  be  called  introrse,*  using  a  botanical  term 
meaning  "directed  inward." 

A  second  class  includes  pinnae  with  the  channel  directed  obliquely 
upward,  or  toward  the  apex  of  the  leaf,  and  for  these  the  term 
antrorse,^  meaning  "directed  upward  or  higher,"  wUl  be  used. 

In  a  third  class  the  piimae  have  the  channel  directed  more  or  less 
obliquely,  downward,  or  toward  the  base  of  the  leaf,  and  the  term 
retrorse,*  meaning  "directed  back  or  downward,"  will  be  applied 
to  these. 

PINNiC  GROUPS. 

Studying  the  pinnae  along  the  side  of  a  leaf,  we  soon  notice  that 
these  classes  of  pinnae  are  not  placed  at  random,  but  that  there  is  a 
r^ularity  in  their  succession.  In  other  words,  the  pinnae  along  the 
respective  sides  of  the  rachis  are  arranged  in  groups  of  two,  three, 
four,  or,  rarely,  five,  a  group  of  two  being  the  most  common.  These 
groups  fall  into  regular  and  irregular  classes.  The  regular  groups, 
which  constitute  the  normal  or  regular  form  of  arrangement,  consist 
of  a  lower  or  proximal  antrorse  pinna  and  an  upper  or  distal  retrorse 
pinna,  between  which  may  occur  one,  two,  or,  rarely,  three  introrse 
pinnae.  Figure  4  shows  the  ventral  surface  and  left  side  of  a  section 
of  a  rachis  with  the  pinnae  cut  to  about  an  inch  long.     There  are 

*  "Introrse,  intror'tus  (Ifod.  Lat.),  turned  inward,  toward  the  axis." 

*  "Antrorse,  antTor'9tu  (antero-,  before,  versus,  turned  toward),  directed  upward,  opposed  to  retrorse." 
'"Retrorse,  retror'sum  (Lat.)i  directed  backward  or  downward."    (Jackson,  A  Glossary  of  Botantoal 

Tenns.) 
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four  paired  groups  in  succession,  each  of  an  antrorse  pinna  (a)  and  a 
retrorse  pinna  (r). 

Figure  5,-4,  shows  a  ventral  view  of  a  section  of  a  leaf,  on  tiie 
left  side  (L)  of  which,  from  below  upward,  is  a  triple  group  (a,  t,  r) 
and  a  paired  group  (a,  r).  On  the  opposite  side  (R)  is  a  paired  group 
below  and  a  triple  group  above. 

In  figure  5,  -B,  the  right-hand  side  of  a  section  cut  well  toward  the 
top  of  the  leaf  shows  a  triple  group  below  and  a  quadruple  group 
above.  It  should  be  noted  that  the  antrorse  and  retrorse  pinnse  are 
not  placed  as  obUquely  as  in  those  near  the  base  of  the  blade. 

In  figure  5,  C,  the  left-hand  side  of  a  section  in  about  the  middle  of 
the  blade  shows  a  group  of  five  pinnae  (a,  {,  t,  t,  r).  This  group  is 
found  in  comparatively  few  varieties  and  only  m  small  nimibers. 

Thus,  there  are  four  kinds  of  these  regular  groups.  Noting  them 
by  the  initial  letters  of  the  component  pinnae,  they  are,"  first,  the 


FiQ.  4.— Section  of  a  date  leaf,  showing  tlie  rachis  and  the  bases  of  four  paired  groups  of  pinnse,  each  group 
comprising  an  antrorse  pinna  (a)  and  a  retrorse  pinna  (r). 

simplest  and  most  common  paired  group  of  an  antrorse  and  a  retrorse 
pinna  (expressed  as  a,  r);  the  triple  group,  with  one  intermediate 
introrse  pinna  (expressed  a,  i,  r);  the  quadruple  group,  including 
two  introrse  pinnae  (a,  i,  i,  r) ;  and  the  quintuple  (a,  i,  t,  i,  r). 

Of  irregular  groups  of  pinnae  there  is  a  great  variety — a,  i;  a,  t,  i; 
aj  a,  r;  a,  r,  r;  a,  i,  a,  r,  etc.  Often  toward  the  apex  of  the  blade  the 
groups  become  obscured  and  the  classes  not  well  defined,  merging 
into  introrse  pinnae.  In  some  varieties  there  is,  especially  toward 
the  apex  of  the  blade,  a  decided  uniformity  in  leaflet  insertion,  the 
antrorse  and  retrorse  pinnae  nearly  disappear,  and  the  groups  are 
not  well  defined. 

Figure  5,  D,  shows  the  left  side  of  a  section  from  a  leaf  of  Areshti,  cut 
near  the  top.  Here  no  definite  grouping  could  be  made.  The  first, 
fourth,  fifth,  and  seventh  show  a  slightly  oblique  retrorse  position, 
but  such  an  area  would  be  recorded  as  *^ indefinite." 

In  these  the  blade  has  nearly  a  plane  surface,  the  pinnae  faUing 
most  nearly  into  two  ranks.  Where  the  grouping  is  most  pro- 
nounced, six  distinct  ranks  of  pinnae  can  be  discerned,  three  on  either 
side  of  the  rachis.     This  is  best  noted  by  looking  from  the  apex  down 
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the  trough,  or  valley,  of  the  blade,  the  rib  being  on  a  level  with  the 
eye.  The  6-ranked  leaves  have  a  ragged  and  aggressive  appearance, 
and  with  their  formidable  thorns  and  acute  pinna  tips  are  most  com- 
pletely armed  against  predatory  animals. 

Examining  the  pinn»  of  the  three  classes — antrorse,  introrse,  and 
retrorse — ^we  find  that  each  has  its  well-defined  relative  position  of 


d 


a 


Fig.  5.— Sections  of  date  leaves.  A ,  An  Areshti  leaf.  On  the  L  side  of  the  rachis  is  shown  a  triple  group 
of  pinnse  (a,  i,  r)  and  above  it  a  paired  group  (a,  r);  on  the  R  side,  a  paired  group  (a,  r)  below  and  a  triple 
group  (a,  if  r)  above.  B,  Section  toward  the  top  of  a  Deglet  Beida  leaf,  view  of  right  side.  Below  is  a 
triple  group  of  pinnse  (a,  i,  r);  above,  a  quadruple  group  (a,  i,  i,  r).  C,  A  Deglet  Beida  leaf,  showing  on 
the  left-hand  side  of  the  rachis  a  quintuple  group  of  pinnse  (a,  t,  i,  <,  r).  The  pulviniis  of  the  antrorse 
pinna  (a)  is  caudate,  having  a  tail-like  prolongation  reaching  nearly  to  the  next  lower  pinna.  D ,  Section 
near  the  apex  of  an  Areshti  leaf,  in  w^hich  the  pinna)  are  not  distinguishable  into  groups,  though  Nos.  1 , 
4,  and  7  are  slightly  retrorse  in  position.  E,  A  D^let  Beida  leaf,  showing  pulvini  of  antrorse  pinnse:  a, 
a,  Caudate;  ati.r,  coalescent  with  the  groups  above  and  below  by  these  prolonged  pulvini. 

divergence  from  the  midrib,  or  rachis,  measured  by  its  angles  of 
divergence  from  the  imaginary  leaf  planes.  The  antrorse  pinnsB 
diverge  least  from  the  plane  of  the  rachis,  pointing  strongly  forward, 
and  their  two  ranks  most  nearly  approach  each  other,  thus  forming 
the  greatest  angle  with  the  plane  of  the  blade.  The  introrse  pinnae 
are  placed  most  nearly  at  right  angles  with  the  plane  of  the  rachis, 
or  rib,  and  more  nearly  to  the  plane  of  the  blade  than  the  antrorse. 
.  The  retrorse  pinnae  generally  point  far  forward,  their  divergence 
from  the  plane  of  the  rachis  being  slightly  greater  than  that  of  the 
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antrorse  pinnae.  They  may  lie  nearly  in  the  plane  of  the  blade,  but 
they  usually  form  angles  back  of  that  plane  which  must  be  measured 
dorsally. 

Toward  the  base  of  the  blade  the  groups  may  irregularly  coincide 
on  opposite  sides  of  the  rachis,  giving  the  pinnae  a  tufted  appearance 


"5 
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Fig.  6.— Micrometor,  reading  to  0.001  of  an  inch, 

for  determining  the  comparative  thickness  of 

pinnffi  of  date  leaves  of  different  varieties.  ^lo.  7.— Combination  2-loot  rule  and  protractor  with 

vonier  for  determining  the  angles  at  which  date- 
and  leaving  naked  spaces  of  SeV-         »eafpimx»  diverge  from  the  rachis. 

eral  inches  between  them.  In  other  examples  the  groups  may  be 
coalescent  through  the  caudate  pulvini,  or  they  may  be  so  crowded 
that  the  pinnae  overlap  like  the  slats  in  a  window  blind. 

Figure  5,  Ej  shows  on  the  left  side  of  a  section  a  triple  group  in  the 
middle,  but  coalescent  with  the  groups  above  and  below  by  the 
caudate  pulvini  of  the  antrorse  pinnae. 
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thickness' OF  THE  PINNiC  BLADE. 

The  pinnse  in  different  varieties  vary  considerably  in  texture  as 
iTvell  as  in  actual  thickness  of  the  blade.  Some  are  decidedly  harsh 
to  the  touch,  while  those  of  the  other  extreme  have  a  smooth,  almost 
silky  feel.  Relative  differences  in  thickness  of  the  blades  would  be 
detected  by  the  careful  observer  by  comparison,  but  by  the  use  of  a 
machinist's  micrometer  this  thickness  can  be  made  a  matter  of 
record.  These  instruments  are  graduated  to  read  to  0.001  of  an 
inch  or  to  0.01  of  a  millimeter  and  should  have  the  improved  locking 
device  and  safety  ratchet  for  regulating  the  pressure.*  (Fig.  6.) 
For  imiformity  the  measurement  should  be  made  at  about  the  broad- 
est part  of  the  pinna  blade  and  near  the  middle  of  one  of  the  folds. 
A  number  of  the  more  familiar  varieties  have  pinn»  that  range  from 
0.012  of  an  inch  (0.3048  mm.)  to  0.020  of  an  inch  (0.5080  nmi.)  in 
thickness.  Others  are  distinguished  by  the  greater  thickness  of  the 
blade,  as  Thoory,  with  pinnae  from  0.023  of  an  inch  (0.5842  mm.)  to 
0.026  of  an  inch  (0.6604  mm.)  or  more  in  thickness. 

USE  OF  THE  FIELD  PROTRACTOR. 

For  the  measurement  of  the  angles  formed  by  the  pinnse  with  the 
rachis,  or  rib,  a  protractor  with  rather  long  arms  is  essential.  As 
one  of  the  necessary  capacity  made  with  the  fine  graduations  called 
for  in  engineering  is  both  cumbrous  and  expensive,  a  single-jointed, 
2-foot  metal  rule,  with  5-degree  graduations  on  the  hinge  circle  ^  and 
vernier  reading  to  degrees  and  half  degrees  on  the  limb,  has  been 
found  to  be  a  very  convenient  instnmient,  giving  the  angles  with 
sufficient  precision  and  being  instantly  available  for  measurements 
in  feet  and  inches.     (See  fig.  7.) 

FORMS  FOR  THE  OBSERVER'S  USE. 

For  the  field  recording  of  characters  the  writer  has  devised  a  ruled 
and  printed  form,  a  reduced  imprint  of  which  is  shown  as  form  A. 

1  These  fnstrameiits  are  furnished  by  tool  makers  hi  this  ooontry  for  the  use  of  mechanics  engaged  in  fhie 
work,  graduated  in  fractions  of  an  inch  or  decimal  equivalents.  They  may  also  be  obtained  by  special  order 
graduated  in  hundredths  of  a  millimeter. 

s  The  hinge  circle  is  graduated  five-eighths  of  the  way  around  into  spaces  of  5  degrees  each  and  figured 
15**,  30*,  45*,  etc.,  from  the  zero  point  at  the  inner  angle  when  the  rule  is  closed.  Any  angle  a  multiple  of  5 
degrees  can  accordingly  be  read  with  accuracy  on  this  hinge  circle,  but  for  the  degrees  between  these  marks 
the  aid  of  the  vernier  on  the  movable  arm  is  needed.  As  will  be  seen  when  this  rule  is  closed,  a  45-degree 
space  on  the  arm  is  graduated  into  10  parts,  so  that  one  of  them  is  equivalent  to  4|  degrees,  or  one-half  degree 
less  than  the  5-degree  spaces  on  the  circle.  Every  second  space  or  the  equivalent  I  degree  of  difference  is 
numbered  1  to  5  in  order,  the  5>line  degree  coinciding  with  the  45-degree  line  on  the  circle.  Now,  if  the  rule 
be  opened  a  very  little,  till  thoArst  vernier  line  marking  4^  degrees  coincides  with  the  line  of  the  first  Sdegrees 
on  the  circle,  the  arm  has  moved  the  difference  between  these,  or  one-half  degree.  Open  till  the  second  pair 
of  marks  coincides,  and  twice  4} ,  or  9,  degrees  of  space  have  been  moved  to  coincide  with  twice  5,  or  10,  degrees 
on  the  other  side,  a  movement  gaining  1  degree.  So  we  may  open  to  2*,  3*,  4*,  etc.  In  the  same  way 
starting  on  any  even  5-degree  mark,  as  45*,  we  may  open  one-half  degree,  1  degree,  2  degrees  more.  Hence, 
to  read  any  angle  that  has  been  taken,  read  first  on  the  hinge  circle  to  the  last  full  5-degree  mark  inside  of 
the  angle,  then  add  to  this  the  degrees  or  hall  degrees  to  the  coinciding  line  on  the  vernier.  Infigure?  the 
rule  is  opened  to  an  angle  of  12^  %  10  degrees  being  read  on  the  hinge  circle  and  2)  degrees  on  the  vernier. 
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The  heading  provides  for  entering  the  tree  to  be  studied,  locality, 
garden,  row  and  tree  numbers,  and  date,  below  which  the  sheet  is 
ruled  in  horizontal  lines  for  noting  the  angles  of  the  different  classes 
of  pinnse:  A  (antrorse),  /  (introrse),  R  (retrorse).  Above  the  lines, 
ax  indicates  that  the  axial  divergences  of  the  pinnsB — that  is,  the 
angles  by  which  they  diverge  to  the  right  or  left  from  the  rachis— are 
to  be  recorded. 

Below  the  lines,  p  indicates  the  angles  of  divergence  from  the  plane 
that  would  be  formed  by  a  perfectly  flat  blade.  Below  these  a  line 
provides  for  the  record  of  the  "  Length  of  pinnae"  above  the  line  and  the 
corresponding  breadths  below,  the  breadth  being  noted  at  the  broad- 
est part,  the  pinnae  blade  being  unfolded  and  spread  flat. 

Form  A.— Date  variety, ,  S.  P.  I.  No ,  row  ..,  tree  .., garden. 

[Notestaken ,191...    Angles  of  pinnte  with  planes  of  rachis.    Distance  in  feet  from  base  ol  bbde.] 


Antrorse,  ax 

S 

!           5 

I           ' 

1 

i 

\ 

7 

8 

9           10          11         12 

1     .       1 

P 
Introrse,  ax 

F 

Retrorse,  ax 

'i 

Length     of    i 
pinnse          { 

Breadth      "  i 

Groups. 


Remarks. 


The  vertical  ruling  in  form  A  provides  spaces  for  entries  for  eadi 
foot  of  blade  length  from  below  the  first  spines  to  the  apex. 

For  some  leaves  exceeding  a  length  of  12  feet,  the  record  has  to  be 
carried  to  the  ruled  spaces  below. 

The  length  of  the  spine  area  and  the  total  blade  length  are  indi- 
cated at  the  same  time.  An  average  leaf  being  selected,  it  is  thought 
that  one  or  two  characteristic  readings  to  each  foot  of  length  from  base 
to  apex,  usually  along  one  side  of  the  blade  only,  will  record  the 
characters  effectively,  and  that  two  or  three  leaves  each  from  as 
many  trees  will  indicate  the  leaf  characters  of  a  given  variety.  For 
varieties  of  paramount  importance,  such  as  D^let  Noor,  Theory, 
Hayany,  and  a  few  more,  of  course  a  greater  number  of  records  are 
desirable. 
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GROUP  AND  CLASS  KBCORD. 

Following  the  above  comes  the  record  of  the  classes  and  groups  of 
pinnse,  made  continuously  from  base  to  apex  along  one  side  of  the 
blade.  The  lower  thorns,  usually  crowded,  when  not  distinguishable 
as  to  class  or  groups  are  indicated  by  a  corresponding  number  of 
straight  marks,  then 
the  groups  are  re- 
corded by  the  compo- 
nent initial  letters 
written  together;  for 
instance,  ar,  ar,  ar 
would  indicate  three 
successive  groups,  each 
composed  of  one  an- 
trorse  and  one  re- 
trorse  pinna. 

ANGLE   RECORD   OF   THE 
PINNiC. 

In  order  to  accom- 
plish the  graphic  rep- 
resentation of  the  va- 
rious angles  formed  by- 
the  pinnae  with  the 
axis  and  plane  of  the 
blade,  a  diagram  has 
been  prepared  (form 
B)*  representing  a 
semicircular  protrac- 
tor as  it  might  be  ap- 
pUed  for  the  reading 
of  the  angles  recorded 
on  form  A. 

The  first  illustration 
of  the  use  of  form  B 
(fig.  8)  shows  the  pro- 
tractor scale  as  though 
laid  flat  upon  the  leaf, 
the  zero  line  AR  drawn  through  its  center  being  parallel  with  the 
axis  of  the  blade  and  zero  toward  the  apex,  the  divergence  of  the 
right  and  left  ranks  of  pinnse  would  be  indicated  at  10®,  25®,  45®,  etc. 

In  the  second  illustration  of  the  use  of  form  B  (fig.  9)  the  protractor 
is  placed  as  though  cross-sectioning  the  rachis,  the  zero  line  PB  coin- 
ciding with  the  plane  of  the  blade  and  the  line  of  90®  bisecting  the 

>  Form  B,  redooed  in  tin,  is  ihown  in  flgims  8, 9»  and  10. 


Fio.  8.— Diagrams  showing  the  characteristic  diverganceof  the  pinna 
of  a  Deglet  Noor  date  leaf,  at  2  to  3  feet  from  the  base  of  the  leaf, 
recorded  on  form  B.  The  upper  diagram  shows  the  divergence 
from  the  blade  plane;  the  lower,  the  divergence  from  the  apex: 
A  f  Antrorae  pinnn;  /,  introrse;  R,  retrorse. 
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rachis  into  two  equal  parts,  right  and  left.    The  ventral  face  of  the 
rib  is  shown  at  F,  the  dorsal  at  D. 

It  will  be  noticed  that  in  the  illustrations  of  the  use  of  form  B 
(figs.  8-10),  the  protractor  circle  is  carried  20  degrees  beyond  the 
zero  plane  toward  the  dorsal  face  of  the  rachis.  This  is  for  recording 
the  position  of  the  retrorse  class  of  pinnse,  which,  while  sometimes 

forming  angles  of  a 
Jb  few   degrees    toward 

i«//^  ^Y^Q  mner  or  ventral 

s-  side,  as  a  rule  he  either 

rv.  at  zero  or  inclined  5*^, 

10°,  or  even  20**  dor- 
sally. 

APPUCATION  OF  THE 
SYSTEM  TO  THE 
DEGLET  NOOR  YA- 
RIETY  AND  ITS 
SEEDLINGS. 

As  the  Deglet  Noor 
is  the  most  prominent 
variety  of  date  yet  in- 
troduced, a  more  ex- 
tensive study  of  its 
foliage  characters 
has  been  made  than 
of  any  other  variety. 
The  following  are 
some  of  the  moststrik- 
ing  points  brought 
out: 

The  average  of  eight  ex- 
amples of  Deglet  Noor 
leaves  gives  the  spine  area 
as-35.5  per  cent  of  the  hlade 
length. 

For  the  same  trees  the  av- 
erage proportion  of  piniue 
of  ^e  different  daases,  in- 
cluding spines  where  the 
class  is  evident,  to  the  total  number  on  the  blade,  is  as  follows:  Antrorse,  38.1  per 
cent;  introrse,  19.4  per  cent;  retrorse,  34.1  per  cent;  uncertain,  8.4  per  cent.  The 
paired  groups  of  pinnae  exceed  all  the  others  together. 

A  larger  number  of  observations  of  this  variety  may  establish  a  somewhat  different 
set  of  ratios,  but  these  must  serve  for  a  working  basis  till  such  can  be  procured. 

As  showing  the  application  of  such  study  of  the  leaves  of  a  given 
variety  and  its  value  in  selecting  plants  for  breeding  purposes,  a  com- 


Fio.  9.— Diagrams  showing  the  characteristic  divergence  of  the  pinnae 
of  a  Deglet  Noor  date  leaf,  at  5  to  6  feet  from  the  base  of  the  leaf, 
recorded  on  form  B.  The  upper  diagram  shows  the  divergence  from 
the  blade  plane;  the  lower,  the  divergence  from  the  apex:  A^  An- 
trorse  pinnae;  /,  introrse;  R,  retrorse. 
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parison  will  be  made  of  some  of  the  D^let  Noor  seedlings  with  the 
average  for  that  variety,  or  what  may  be  called  a  standardized  tree. 

Two  sets  of  readings  were  taken  from  the  Deglet  Noor  fruiting 
seedling  raised  by  Mr.  James  Reed,  at  Thermal,  Cal.  In  both  of 
these  the  data  are  well  within  the  range  of  variation  of  the  eight  true 
Deglet  Noor  records, 
and  the  average  of  the 
two  is  curiously  near 
to  the  average  of  the 
Deglet  Noor.  The 
pinnae  are  more  closely 
crowded  than  in  any  of 
the  Deglet  Noor  rec- 
ords, and  the  percent- 
age of  introrse  pinnse  is 
above  the  average,  but 
within  the  range. 

The  proportion  of 
paired,  triple,  and 
quadruple  groups  of 
pinnsB  is  remarkably 
near  the  average.  The 
fruit  of  this  presum- 
ably half-blood  Deglet 
Noor  seedling  has  not 
been  distinguishable 
from  that  of  the  stand- 
ard imported  Deglet 
Noor  varieties.  No 
other  Deglet  Noor 
seedling  has  been  found 
so  closely  duplicating 
the  Deglet  Noor  in 
fruit. 

Of  others  that  have 
fruited,  showing  de- 
cided Deglet  Noor 
characters  in  color,  flavor,  or  texture  of  the  fruit,  none  has  been 
found  with  the  same  close  approximation  to  Deglet  Noor  f  oUage.  In  a 
slender-fruited  seedling,  for  example,  raised  by  the  California  Date  Co. , 
at  Heber,  Cal.,  the  fruit  has  the. Deglet  Noor  flavor  and  texture  in 
a  high  degree.  The  form  of  this  fruit  is  long  and  slender,  entirely 
distinct  from  the  Deglet  Noor.  Referring  to  Table  I,  showing  the 
point  characters,  this  variety,  as  compared  with  the  Deglet  Noor, 


FiQ.  10. — Diagrams  showing  the  characteristic  divergence  of  the  pinns 
of  a  Deglet  Noor  date  leaf,  at  8  to  9  feet  from  tlie  base  of  the  leaf, 
recorded  on  form  B.  The  upper  diagram  shows  the  divergence  from 
the  blade  plane;  Uie  lower,  the  divergence  from  the  apex:  A ,  An- 
trorse  pinnee;  /,  introrse;  R,  retrorse. 


Digitized  by 


Google 


18 


BULLETIN   223,  U.   S.   DEPARTMENT  OF  AGBICULTUBE. 


has  the  spine  area  shorter  than  any  of  the  true  Deglet  Noor  measune- 
ments,  while  the  pinnse  are  more  crowded  and  have  lower  percentages 
of  antrorse  and  retrorse  pinnse  and  higher  percentages  of  introrse 
and  undetermined  pinnse. 

There  are  also  a  lower  percentage  of  double  groups  of  pinnae  and 
higher  percentages  of  triple  and  quadruple  groups  than  have  been 
noted  in  any  true  Deglet  Noor.  On  the  whole  it  is  considerably  out- 
side the  recorded  range  of  variation  for.  the  Deglet  Noor  variety, 
though  nearer  the  type  than  the  average  of  supposed  half  bloods. 

It  seems  to  be  a  good  working  hypothesis  that  there  is  a  close  cor- 
relation between  the  leaf  and  fruit  characters  of  the  date  tree.  If 
this  be  true,  we  should  look  for  male  trees  having  the  leaf  characters 
within  the  range  of  Deglet  Noor  variation  to  give  us  trees  most  capa- 
ble of  transmitting  Deglet  Noor  qualities  where  used  as  pollinators. 
Failing  in  this  quest,  we  must  use  those  coming  the  nearest  to  such 
character. 

So  far,  no  male  trees  have  been  found  among  the  Deglet  Noor 
seedlings  which  correspond  to  the  best  Reed  seedling  in  being  nearly 
true  to  foUage  type.  Mr.  Reed^s  seedling  male  trees  Nos.  1  and  2 
are  trees  of  a  strong  Deglet  Noor  character,  but  fall  considerably 
short  of  the  type.  However,  they  have  been  used  as  poUinators,  and 
many  seeds  of  Deglet  Noor  fruit  of  such  pollinations  have  been  sown, 
but  none  are  old  enough  to  have  proved  themselves. 

Table  1.— Comparison  of  the  average  leaf  characters  of  four  important  varieties  of  dak 

palms. 


Average  leaf  characters. 

Deglet  Noor. 

Deglet  Noor, 
lleed's 
seedling. 

Deglet 
Noor, 
slender- 
fruited 
seed- 
ling. 

Hayany. 

Menakher. 

Theory. 

Blade  length Inches. . 

Spine  area: 

Length do.... 

Percentage  of  blade  length 
Total  number  of  pinn»  on 

126 

43 
35.5 

91 

32 

22- 
30 
33- 
9 
10- 

20 
61- 
9 

27+ 

12+ 

0.016-O.022 
.4064-.6688 

116 

38 
33 

98 

35 

36- 

24 

?i+ 
32 

33- 

7 
7+ 

22 
67- 
8 

24+ 
3 
9+ 

0.016-0.018 
.4064-.  4727 

110 

24 
22 

96 

30 

31+ 

26 

S+ 
29 

30+ 

11 

12- 

11 

40.7+ 

8 
29.6 

8 
29.6 

122 

23 

18 

96 

31 

32+ 

19 

20- 

33 

84+ 

13 

14- 

27 

20 

1 
3 

a  017-0. 020 
.4318-.  5080 

144 

32 
22 

122 

27 

47- 
35 
29- 
2 
2- 

12 

32+ 
19 
52 
6 
16+ 

a  017-0. 022 
.4318-.  6588 

126 

32 
2Sl6 

60 

Distribntion: 

2S 

Percentage  of  total 

Introrse 

36+ 
16 

Percentage  of  total 

Retrorse 

25+ 
21 

Percentage  of  total 

Undetermined 

31- 
7 

Percentage  of  total 

Number  of  groups  of  pinnae: 
Ingroups  of  two 

.      10+ 
15 

Percentage  of  total 

In  groups  of  three 

Percentage  of  total 

In  groups  of  four 

60 
8 

32 
2 

Peroentfiie  of  total 

Thickness  of  pmnse: 

Inches..:. 

8 
0.Q29-aa3O 

MHilmetfr?... 

5588-.  7020 
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In  the  analysis  of  these  characters  (Table  I)  the  Deglet  Noor.has 
the  highest  percentage  of  spine  area  to  total  blade  length  and  Hayany 
the  lowest.  Menakher  stands  out  from  the  group  in  having  nearly 
half  of  its  pinnae  of  the  introrse  class,  while  Hayany  has  the  lowest 
p>ercentage  of  any  in  that  class.  While  Deglet  Noor,  Hayany,  and 
Thoory  have  a  majority  of  their  pinnae  groups  of  the  paired  class, 
Hayany  leads  in  that  respect  in  having  but  a  fraction  short  of  four- 
fifths  of  its  pinn©  groups  in  the  paired  class.  Menakher,  on  the  other 
hand,  has  a  majority  of  its  groups  of  the  triple  class. 

The  descriptions  of  four  date  varieties  which  follow  are  given  as 
showing  the  appUcation  of  this  system  of  leaf  study  to  the  dates  in 
cultivation.  Among  the  many  varieties  being  tested  in  the  gardens 
of  the  Department  of  Agriculture  these  four  take  first  rank  in  their 
respective  classes  and  present  such  a  wide  range  in  leaf  characters 
as  to  illustrate  very  clearly  the  principles  involved. 

DESCRIPTION  OF  THE  DEGLET  NOOR  YABIETY. 

The  trees  of  the  Deglet  Noor  variety  have  slender  trunks  and 
make  a  rather  rapid  height  growth,  the  leaves  being  9  to  11  feet 
long,  erect  spreading,  forming  a  rather  narrow  vase-shaped  top, 
becoming  broader  with  age.  The  leaf  base  is  narrow,  diminishing  to 
a  firm,  gradually  tapering  rib,  which  has  a  slight,  graceful  flexibiUty 
at  the  apical  portion.  It  is  strongly  rounded  dorsally,  well  arched  ven- 
trally,  with  the  lateral  faces  of  more  than  average  breadth  (fig.  11). 

The  spine  area  averages  about  35  per  cent  of  the  blade  length,  the 
spines  firm,  with  stout  bases,  rather  long,  acuminate,  acutely  pointed, 
crowded  below,  more  scattered  in  the  upper  portion  of  the  area,  and 
decidedly  appressed.  They  pass  to  narrow  spikehke  pinnae,  12  to  18 
inches  in  length,  and  the  longest  pinnae,  24  to  27  inches,  are  reached 
at  about  the  middle  of  the  blade  while  but  1  inch  to  1 J  inches  broad. 
The  greatest  breadth  of  the  pinnae.  If  to  IJ  inches,  is  usually  at 
about  6  to  7  feet  from  the  base,  where  the  pinnae  are  20  to  24  inches 
long.  They  diminish  steadily  to  10  or  15,  or  rarely  18  inches,  in 
length  and  seven-eighths  of  an  inch  to  1  inch  in  breadth  at  the  apex 
of  the  leaf.  The  pinnae  throughout  are  acuminate  in  form  and 
acutely  pointed,  varying  in  thickness  of  the  blade  from  0.016  of  an 
inch  (0.4064  mm.)  to  0.022  of  an  inch  (0.5588  mm.),  from  0.017  of 
an  inch  (0.1318  mm.)  to  0.020  of  an  inch  (0.5080  mm.)  being  the  most 
common,  the  texture  being  firm  and  rather  harsh  than  soft.  The 
blades  are  closely  folded,  and  toward  the  apex  of  the  leaf  the  proxi- 
mal fold  is  sUghtly  wider  than  the  distal  and  decurrent  along  the 
rachis.  The  pulvini  toward  the  base  of  the  blade  are  heavy,  some- 
times strongly  caudate,  but  the  groups  are  seldom  coalescent. 

The  paired  groups  of  pinnae  are  in  the  majority,  often  comprising 
60  to  70  per  cent  of  the  whole  number,  while  there  are  about  22  to 
30  per  cent  of  the  triple  groups,  and  a  few  are  quadruple. 
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The  antrorse  pinnsB  comprise  from  34  to  42  per  cent  of  the  whole 
nimiber,  the  retrorse  class  furnishing  from  31  to  36  per  cent,  while  of 
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PiQ.  1 1  .—Cross  sections  of  the  rachis  of  a  Deglet  Noor  date  leaf,  showing  outlines  at  different  distances  from 

base  to  apex. 

the  introrse  pinnaB  there  are  but  15  to  25  per  cent.     Unclassified 
basal  spines  make  up  the  balance. 
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In  divergence  from  the  rachis,  the  antrorse  spines  are  usually 
rather  closely  appressed,  a  divergence  of  only  5®  is  noted  in  some, 
and  other  spines  may  diverge  25®  or  30®  from  the  axis.  In  some 
leaves  the  entire  rank  of  antrorse  pinnsB  to  the  apex  may  not  diverge 
more  than  25®  to  28®,  but  usuaDy  there  is  a  spread  through  the 
middle  of  the  blade  of  35®  to  42®  interspersed  with  others  of  only 
20®  to  23®.  In  divergence  from  the  plane  of  the  blade,  the  antrorse 
dass  among  the  spines  shows  a  good  deal  of  variety,  some  basal  ones 
diverging  sharply,  the  majority  only  from  12®  or  15®  to  20®  to  30® 
or  more.  From  the  middle  of  the  blade  to  the  apex  their  divergence 
is  from  20®  to  30®  or  rarely  40®,  45®,  or  more. 

The  introrse  class,  seldom  foimd  among  the  spines  in  this  variety, 
shows  strong  axial  angles  of  40®  to  50®  and  up  to  72®,  while  from  the 
blade  plane  their  divergence  ranges  from  zero  to  15®,  20®,  or  25®,  a 
few  forming  angles  of  35®,  40®,  or  even  more. 

In  the  retrorse  class  a  few  spines  may  stand  out  strongly  from  the 
rachis,  but  the  majority  are  rather  appressed.  The  retrorse  pinnae 
as  a  rule  spread  more  than  do  the  antrorse  class  at  the  same  distances 
out  on  the  blade,  ranging  from  24®  to  40®,  45®,  or  48®. 

Measured  from  the  blade  plane  this  class  has  a  distinct  position, 
some  being  placed  at  zero  or  at  5®  ventrally,  but  the  great  number 
incline  backward  from  the  plane,  forming  dorsal  angles  of  5®  or  10®. 
For  a  comparison  of  Deglet  Noor  seedUngs  of  various  grades  with 
the  pure  variety,  the  above  percentages  and  records  of  angles  will  be 
found  to  afford  the  means  for  making  very  close  distinctions.  This 
is  important,  from  the  fact  that  thus  far  comparisons  seem  to  show 
a  strong  correlation  between  leaf  and  fruit  characters,  the  seedlings 
bearing  the  nearest  typical  Deglet  Noor  fruit  showing  Deglet  Noor 
leaf  characters  in  greatest  detail.  By  analogy,  it  is  presumed  that 
there  will  be  a  similar  correlation  between  the  leaf  characters  of  male 
seedling  trees  of  a  given  variety  and  their  capacity  for  transmitting 
the  characters  of  that  variety  when  used  as  pollinators. 

Putting  the  above  dry  array  of  figures  into  concrete  form  shows 
that  the  Deglet  Noor  has  a  suit  of  leaves  thoroughly  well  armed  at 
all  angles  of  approach,  especially  the  lower  portion  of  the  blade,  with 
acute  spines  and  sharply  tipped  pinme.  The  protection  of  the  tender 
emerging  leaves,  but  especially  of  the  emerging  flower  stalks,  is  well 
provided  for.  In  cultural  practice  the  operator  in  our  country  is 
accustomed  to  cUp  off  with  stout  shears  the  most  of  the  spines,  in  order 
to  give  him  access  to  the  flower  heads  for  pollination. 

The  fruiting  stalks,  or  sobata,  of  the  Deglet  Noor  are  one  of  its 
most  characteristic  features.  (Fig.  12.)  They  are,  with  the  strands, 
or  shamrokh,  which  bear  the  fruit,  pale  lemon  colored^in  contrast  with 
the  orange-yellow  or  orange  stalks  of  most  varieties.     They  are  im- 
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usually  long,  from  3  up  to  4  or  5  feet,  and  f^  to  1^  inches  broad  on 
mature  trees.  The  fruiting  head,  or  portion  bearing  the  strands,  is 
short,  the  strands  numerous,  often  IS  to  24  inches,  or  occasionally 
27  to  30  inches  long,  sometimes  forked.  The  proximal  naked 
portion  of  the  strand  (one-third  to  one-half  of  the  length)  is  sharply 
and  irregularly  quadrangular  in  cross  section,  the  fruiting  por- 
tion irregularly  oval,  with  short  zigzag  angles.  From  20  to  30 
fruits  are  sometimes  set  on  a  single  strand.     With  the  growth  of 

^^^^  the  fruit  in  weight, 

the  stalk  curves 
downward,  till  the 
entire  load  often 
hangs  suspended 
nearly  vertically. 

DESCRIPTION    OF   THE 
HATANY  VAMBTY. 

(Birket  el  Haggi,  Birket  el 
Hajji.i  Birket  el  HadjL) 

The  trees  of  the 
Hayany  variety 
have  rather  slender 
trunks  and  mod- 
erate outcurve  of 
leaves,  forming  a 
broadly  vase- 
shaped  top. 

The  leaf  bases  are 
rather  coarse, 
broadly  wedge 
shaped,  narrowing 
abruptly  to  a 
wedge-shaped  petiole.  The  rachis  is  of  medium  size,  well  rounded 
dorsally,  and  the  lateral  faces  rather  broad,  the  size  diminish- 
ing gradually,  but  there  is  a  decided  grace  and  flexibility  toward 

1  Several  trees  of  this  variety  were  received  hj  the  OfBoe  of  Foreign  Seed  and  Plant  Introduction  under 
the  name  of  "Birket  el  Haggi''  from  Mr.  Em.  C.  Zervudachi,  of  Alexandria,  Egypt,  in  1901,  and  listed 
under  8.  P.  I.  No.  7635.  Upon  fhilting  they  proved  to  be  identical  with  "Hayany,"  S.  P.  I.  No.  W38,  . 
secured  by  Mr.  FairchUd  earlier  in  the  same  year.  Hayany  is  the  correct  name  of  the  variety,  which  ii 
the  most  numerous  and  most  popular  date  of  Lower  Egypt.  The  name  "  Birket  el  Haggi"  is  only  men- 
tioned among  Egyptian  dates  by  Delchevalerie,  who  erroneously  mistook  the  locality  designation  for  the 
real  name  of  the  variety. 

On  the  writer's  visit  to  the  Birket  el  Hagg  district  in  September,  1913,  he  found  that  the  people  kwwof 
no  date  named  "Birket  el  Haggi,"  but  that  they  had  thousands  of  "Hayany"  trees,  the  firuit  of  whkh  was 
among  the  earliest  to  reach  the  Cairo  and  Alexandria  markets,  and  so  took  the  locality  name,  as  "Chau- 
tauqua grapes  "  or  "  Riverside  oranges  "  do  in  our  country.  Popenoe, ' '  Date  Growing  in  the  Okl  and  Nev 
World,"  adopts  the  form  "Birket  el  HaJJi,"  in  conformity  with  classic  Arabic  pronunciation,  thaa^ 
"Birket  el  Hagg"  is  the  correct  transUteratkm  of  the  name  of  the  pool  and  village  accepted  by  all  Egyp- 
tians and  Is  on  most  of  their  maps. 


Fio.  12.— A  bunch  of  dates  of  the  Deglet  Noor  variety,  showing  the  fruit 
stalk,  or  sobata;  the  fruiting  head,  or  portion  on  which  the  strands  are 
borne;  and  the  strands,  or  shamrokh,  comprising  the  clear  area  and  the 
fruiting  area. 
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the  apex  of  the  leaf  (fig.  13).  The  spine  area  is  unusually  short, 
about  18  to  25  per  cent  of  the  blade  length,  and  the  spines  are 
rather  long,  slender  and  acute; 
where  considerably  shaded 
they  are  inclined  to  be  weak 
and  soft.  The  spines  merge 
into  narrow  spike  pinn»,  fol- 
lowed by  ribbon  pinn»  24  to 
30  inches  long  and  one-half  to 
five-eighths  of  an  inch  wide, 
which  are  frequently  pendu- 
lous, but  soon  give  place 
through  the  middle  of  the 
blade  to  those  of  normal  form, 
18  to  24  inches  long  and  1  inch 
to  IJ  inches  up  to  IJ  or  2 
inches  wide  with  narrow  at- 
tenuate tips,  gradually  dimin- 
ishing to  about  10  or  12  inches 
long  at  the  apex.  The  pulvini 
are  but  moderately  developed 
and  creamy  in  color. 

The  lower  10  or  15  pinnse  on 
either  side  have  a  soUd  neck, 
which  will  be  called  the  collum, 
from  one-half  inch  to  2  inches 
in  length,  just  above  the  pul- 
vinus,  from  which  the  pinnsB 
expand  into  the  folded  blade  of 
normal  form.  These  are  most 
strongly  developed  on  the  re- 
trorse  class  of  pinnsB.  This 
character,  while  slightly  devel- 
oped in  a  few  other  Egyptian 
varieties,  is  almost  an  identi- 
fying character  for  this  variety. 
The  pinnae  blades  are  smooth 
and  rather  soft,  not  rigidly  acute 
at  the  apex,  but  inclined  to  spUt 

up.  The  axial  divergence  of  Fio.  13.-Cross  sections  of  the  racWs  of  a  Hayany  date 
the  pinnae   is,  for  the   antrorse       l»f,a»wwtog  outlines  at  different  distances  from  base 

class,  only  about  20°  to  35*"      *^*^''* 

near  the  base,  becoming  45®  or  50**  toward  the  apex.  The  introrse 
and  retrorse  classes  diverge  more  strongly,  in  some  leaves  to  60**  or 
65**.     In  divergence  from  the  plane  of  the  blade  the  antrorse  pinnae 
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form  ranks  which  diverge  30*^  or  40°  to  55*^  or  60**,  while  the  introrae 

and  retrorse  pinnsB  lie  within  10°  of  the  planes  or  diverge  a  little 

dorsally. 
At  Tempe,  in  a  heavy  adobe  soil  with  an  excess  of  subterranean 

moisture,  this  variety  has  been  prolific  in  offshoots  and  sets  them  well 

up  on  the  trunk,  one 
tree  as  early  as  1909 
having  six  offshoots 
at  a  height  of  4  to  4| 
feet. 

The  fruit  stalks  are 
orange  yellow,  about 
2}  or  3  feet  long,  1} 
to  2  inches  broad,  the 
fruit  head  compact 
and  heavy,  and  the 
strands,  or  shamrokh, 
of  medium  length  and 
rather  coarse. 

DESCRIPTION   OF  THB 
MENAKHES  TASIEIT. 

^^^^  The    trees    of    the 

y  \  Menakher  variety  are 
of  beautiful  and  strik- 
ing appearance.  Tlie 
growth  is  vigorous, 
though  not  as  rank  as 
some  other  varieties, 
and  the  height  growth 
of  the  trunk  has  been 
rather  slow. 

The  foliage  is  a  dark 
rich  green,  with  abun- 
dant glaucous  bloom. 
The  leaves  are  9  to  12 
feet  long,  curving  out- 
ward rather  stiffly 
below,  but  with  an  in- 
creasing flexibility  to- 

Pia.  14  —Cross  sections  of  the  rachJs  of  a  Menakher  date  leaf,  showing  __ ._  _  j   x-l  -.   o  v^  av   iirKiph 
outlines  at  different  distances  from  base  to  apex.  ^^^^  ^^®  apCX,  Wmui 

gives  a  long  and  beau- 
tiful sweep.  The  leaf  bases  are  7  to  9  inches  broad,  heavy,  narrowing 
gradually  to  a  stout,  strongly  rounded  rib,  which  tapers  slowly  to  a 
moderately  slender  apex  (fig.  14). 
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Four  Sections  of  a  Menakher  Date  Leaf.    (Nearly  Natural  Size.) 

Fio.  1.— A  leaf  section  near  the  base,  showing  a  paired  group,  a,  r,  of  very  acute  spines. 
Fio.  2.— A  section  at  8  feet,  showing  a  quadruple  group,  a,  i,  t,  r,  below  and  a  triple  group, 
a.  U  r,  above.  Fios.  3  and  4.— Sections  at  10  and  12  feec,  showing  some  well-defined  retroree 
pinnse,  r,  r.    The  others  will  class  as  introrse,  and  no  regular  groups  can  be  determined. 
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The  spine  area  is  from  20  to  25  per  cent  or  more,  rarely  33  to  36  per 
cent  of  the  blade  length.  The  closely  set  spines  are  short  or  of  medium 
length,  strong,  but  acute,  closely  appressed,  passing  to  narrow  spike 
pinnaB  20  to  24  inches  long.  The  regular  pinnae  at  5  to  6  feet  from  the 
leaf  base  are  17  to  24  inches  long,  1}  to  1}  inches  broad,  decreasing 
in  length  rather  gradually  to  about  9  to  12  inches  long  at  the  apex. 
(PI.  V.) 

The  pinnae  blades  are  0.017  of  an  inch  (0.4318  mm.)  to  0.022  of  an 
inch  (0.5588  mm.)  thick,  firm  in  texture  but  not  harsh,  broadest  near 
the  base,  tapering  evenly  to  a  rather  acuminate  acute  apex.  In  the 
upper  portion  of  the  leaf  the  proximal  fold  of  the  pinnae  blade  is  decid- 
edly broader  than  the  distal,  decurrent  along  the  rachis,  but  the  prom- 
inence of  the  ventral  arch  of  the  rachis  leaves  the  channel  formed  by 
opposite  wing  margins  rather  open  until  near  the  top  of  the  blade. 

The  pulvini  are  moderately  heavy,  frequently  slenderly  caudate, 
and  there  are  many  coalescent  groups  in  the  lower  portion  of  the  blade. 
The  paired  groups  of  pinnae  are  considerably  outnimibered  by  the 
triple  an^  quadruple  groups.  The  introrse  pinnae  usually  comprise 
from  40  to  48  per  cent  of  the  entire  number  on  the  blade,  but  some- 
times yield  to  a  high  number  of  the  retrorse  class. 

The  slight  axial  divergence  of  all  classes  of  pinnae  and  the  rather 
even  and  moderate  divergence  from  the  blade  plane  give  to  this 
variety  a  smooth,  even  leaf,  which,  with  its  dark,  rich  color,  is  very 
attractive. 

The  antrorse  spines  have  but  10*^  to  15*^  of  axial  divergence,  the 
lower  antrorse  pinnae  15^  to  20®,  spreading  to  30°  toward  the  tip  of 
the  leaf. 

The  antrorse  pinnae  diverge  axially  about  45*^  through  the  middle 
of  the  blade  and  30*^  at  the  apex.  Both  these  classes  form  angles  with 
the  blade  plane  of  20*"  to  30*"  or  36°  in  the  outer  2  feet. 

The  axial  angles  of  the  retrorse  pinnae  are  a  little  greater  than  in  the 
first-named  classes,  the  lower  pinnae  20°  to  28°  or  30°,  the  rest  of  the 
blade  30°.  These  spines  diverge  about  15°  dorsolly,  the  pinnae  5° 
dorsolly,  or  all*  the  upper  portion  at  zero.  In  a  few  instances  the 
retrorse  spines  and  lower  pinnae  have  a  dorsal  divergence  of  30°  to  33°. 

The  fruit  stalks  are  heavy,  3  to  4  feet  long,  the  fruitiug  head  12  to 
15  inches  long,  with  numerous  strong  strands  12  to  18  inches  in 
length,  making  a  heavy,  compact  bunch  of  fruit. 

But  two  genuine  trees  of  the  Menakher  variety  were  finally  pre- 
served of  the  importation  made  by  Mr.  T.  H.  Kearney  in  1905.  One 
of  these  is  at  the  Cooperative  Date  Garden  at  Tempe,  Ariz.  The 
other  is  at  Mecca,  Cal.  The  Tempe  tree  has  made  the  slower  growth, 
though  it  is  a  healthy  and  vigorous-looking  tree.  In  November,  1912, 
its  terminal  bud  was  only  3  feet  from  the  ground,  while  that  of  the 
Mecca  tree  was  7  feet  high,  with  a  trunk  diameter  of  2  feet.     Whether 
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the  greater  heat  at  Mecca  or  the  difference  in  the  soil  is  the  cause  of 
this  difference  in  growth  is  not  easy  to  say.  The  Tempe  garden  is 
located  in  a  strip  of  land  having  a  heavy  adobe  soil  and  so  high  a 
percentage  of  alkaU  that  ordinary  grain  and  forage  crops  can  not  be 
grown  upon  it.  By  the  underflow  of  ground  water  from  irrigated 
districts  above,  the  water  table  has  not  been  below  4  feet  for  a  number 
of  years  and  stands  near  the  surface  in  the  winter  months. 

The  conditions  at  the  Mecca  garden  are  in  strongest  contrast  with 
these.  The  soil  is  a  fine  sand,  the  bed  of  the  old  Salton  fresh-wat^ 
lake,  having  a  c6nsiderable  percentage  of  calcareous  material  in  the 
form  of  partially  decayed  small  fresh-water  shells,  and  underlain 
with  a  few  shallow  strata  of  blue  clay  or  silt.  The  only  oi^anic  matter 
has  been  suppUed  by  cover  crops  and  the  liberal  application  of  stable 
manure  around  the  roots  of  individual  trees. 

There  is  but  a  shght  trace  of  alkaU,  and  irrigation  with  very  pure 
water  from  an  artesian  well  has  been  abundant.  While  too  positive 
conclusions  should  not  be  drawn  from  the  behavior  of  a  single  tree  in 
each  locality,  a  similar  slowness  of  growth  has  been  noted  in  several 
trees  of  Thoory  at  Tempe,  as  contrasted  with  a  very  vigorous  and 
rapid  growth  of  that  variety  at  Mecca  and  Indio.  At  the  same  time  a 
number  of  varieties,  such  as  Deglet  Noor,  Khars,  Itima,  and  Tadala, 
under  Tempe  conditions  have  made  a  rather  better  growth  than  in  the 
sandy  soil  and  greater  heat  of  Mecca. 

The  presumption  is  strong  that  the  Menakher  variety  finds  both  the 
temperature  and  the  sandy  soil,  with  the  absence  o^  the  alkali  of  the 
Mecca  garden,  the  more  congenial.  In  fruiting,  both  trees  have  been 
slow  to  develop  fruit  of  normal  quaUty,  but  have  improved  from  year 
to  year.  At  Tempe,  however,  it  hardly  seems  hkely  that  this  variety 
has  heat  enough  to  perfect  its  fruit.  While  a  good  crop  was  set  in 
1912,  it  was  found  still  inmiature  on  November  10.  Some  fruits  were 
coloring  properly  on  one  side  and  had  ripened  a  portion  of  the  fleshy 
which  was  of  excellent  flavor,  but  the  most  of  them  were  tough 
and  '  *  cottony,"  and  a  good  sample  box  could  not  have  been  collected. 
At  Mecca  a  good  deal  of  fruit  developed  sufficiently  to  be  finished  by 
'^slow  maturation"  into  a  very  excellent  product.  The  rarity  of  th^ 
variety  in  Tunis  and  the  consequent  scarcity  of  offshoQts  that  may  be 
purchased  will  probably  prevent  its  assuming  commercial  importance 
in  the  Salton  Basin  for  many  years  to  come. 

Yet,  considering  the  past  year's  performance  of  the  Mecca  tree, 
the  writer  feels  that  the  Menakher  should  be  regarded  as  promising 
to  become  one  of  the  great  commercial  dates  of  the  Salton  Basin 
when  it  can  be  propagated  in  sufficient  numbers. 

DBSCBIPTION  OF  THE  THOORY  VARIETY. 

The  trees  of  the  Thoory  variety  are  of  very  robust  growth,  with 
short  heavy  trunks.     The  long,  heavy,  rather  yellowish  green  leaves 
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are  stiflBy  erect  or  spreading  in  an  angular  manner  by  bending  near 
the  base.    The  leaf  bases  are  5  to  8  inches  broad,  diminishing  gradually 


or  THORNS 

Ilo.  15.— Cross  sectkms  of  the  rachis  of  a  Thoory  date  leaf,  showing  outlines  at  different  distances  from  base 

to  apex. 

to  a  broad,  heavy  rib,  which  tapers  but  slowly  to  the  apex,  where 
there  is  a  sUght  flexibility  (fig.  15). 
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The  spine  area  is  short,  16  to  30  per  cent  of  the  blade  length,  the 
sparsely  set  spines  rather  short,  slender,  acute,  passing  to  a  few  stout 
spike  pinnsB,  18  to  21  inches  or,  rarely,  25  inches  long  at  3  to  5  feet 
from  the  base.  These  are  followed  by  pinn«B  18  to  23  inches  longi 
diminishing  slowly  toward  the  apex,  still  15  to  18  inches  long  at  8  or 
9  feet,  and  the  last  apical  ones  dropping  to  12  or  13  inches. 

The  pinnee  blades  are  coarse,  harsh,  and  acute,  1}  to  2  inches  broad 
through  the  greater  portion  of  the  leaf  and  1 J  to  1 J  inches  at  the  apex. 
They  are  0.018  of  an  inch  (0.4572  mm.)  to  0.024  of  an  inch  (0.6096 
mm.),  occasionally  0.030  of  an  inch  (0.7620  mm.)  in  thickness.  The 
pulvini  are  heavy,  often  short  caudate,  and  coalescent  groups  are 
common.  The  average  space  for  each  pinna  on  the  rachis  is  broad 
(1.64  inches  to  2.18  inches  are  recorded) ;  the  spines  are  close  together 
at  the  base,  but  wide  apart  above,  while  the  pinnae  range  from  2  inches 
apart  in  the  middle  of  the  blade  to  1}  inches,  or  as  close  as  1  inch  in 
the  apical  portions,  but  from  their  unusual  breadth  and  small  angles 
of  divergence  they  appear  crowded  and  overlapping. 

The  paired  groups  of  pinnae  are  in  a  decided  majority,  the  triple 
groups  average  about  half  as  many,  and  there  are  a  few  quadruple 
groups.  The  antrorse  pinnae  diverge  from  the  rachis  by  rather 
slight  angles,  the  basal  spines  25**  or  30**,  those  above  but  5**  to  15**, 
the  pinnae  from  10**  to  12**,  15**,  or  19**,  with  a  small  number  at  25**  to 
32°.  They  form  blade-plane  angles  of  10**  to  15**  for  some  of  the 
spmes  and  lower  pinnae  to  22**,  25'',  32**,  to  39**  and  40**  at  6  to  9  feet, 
with  30**  to  35**  near  the  apex. 

An  examination  of  leaves  with  the  stiff,  acute,  antrorse  pinnae  placed 
at  these  angles  will  convince  one  that  their  defensive  eflBciency  is 
about  perfect. 

The  introrse  pinnae,  relatively  of  minor  importance  in  this  variety, 
have  an  axial  divergence  of  40**  to  72**,  some  of  them  being  at 
zero  with  the  blade  plane,  others  diverging  10**,  20**,  to  30"*,  or  63**. 
The  retrorse  pinnae  diverge  from  the  rachis  from  25**  or  30**  through 
35°  and  48**  to  a  few  at  55**  or  57**.  These  angles,  combined  with  their 
dorsal  divergence  of  6**  to  10**  from  the  blade  plane,  give  these  two 
rather  ragged  ranks  a  very  effective  position  for  defense. 

The  fruit  stalks  are  strong,  1 J  to  2  inches  in  diameter  and  2  to  4 
feet  long;  the  strands  are  coarse,  12  to  24  inches  long;  the  color  a 
bright  orange. 

The  fruit  of  this  variety,  which  affords  one  of  the  best  examples  of 
the  dry-date  class,  is  produced  in  heavy  crops,  the  few  trees  in  bearing 
showing  a  tendency  to  bear  in  alternate  years. 
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INTRODUCTION. 

The  ori^  of  the  investigation  of  the  preparation  of  frozen  and  dried  eggs  has  been 
set  forth  in  Circular  98  '  en  the  Bureau  of  Chemistry.  The  need,  from  an  economic 
viewpoint  as  well  as  that  of  wholesomeness,  for  the  conservation  of  certain  eggs  out 
of  their  shells  is  also  discussed  in  the  circular  cited.  In  t^e  pursuance  of  the  plan  of 
work  therein  outlined,  a  study  has  been  made  of  the  various  types  of  egra  going  to 
tl^  egg^breaking  establishments  in  the  eg^-produdng  section.  The  results  of  this 
part  of  the  investi^tion  are  given  in  Bulletin  51  of  the  Dmurtment  of  Agriculture. 

The  next  step  in  logical  sequence  would  be  a  study  of  the  conditions  prevailing 
Id  epg-breaJdng  houses  and  the  quality  of  the  product  sent  into  commerce.  In  the 
preliminary  survey  of  the  i^oblem,  as  given  in  Circular  98,  and  the  general  observar 
tions  made  to  determine  methods  of  procedure  andpoints  of  attack,  a  policy  of  co- 
operative work  with  the  industry  was  outlined.  Tnese  tentative  plans  were  ulti- 
mately followed,  and  the  information  gained  h^  uniting  the  observation  and  experi- 
mentation in  the  packing  house  with  the  analytical  data  of  the  laboratory  is  collected 
in  the  present  puolication.  • 

The  Dody  of  the  bulletin  gives  a  general  statement  of  the  woric  done  and  the  find- 
ings which  should  be  of  interest  to  the  genial  egs  industry,  but  more  particulariy 
to  manufiBkcturers  of  frozen  and  dried  products  and  bak^s  who  use  these  products. 
In  the  appendix  are  given  details  of  the  investigation  of  use  to  those  who  naye  the 
actual  management  of  egg-breaking  plants  and  to  chemists  and  bacteriologists  en- 
gaged in  fooof  investigations. 

1  The  aastrtanofl  of  J.  M.  Johnsoo  and  H.  W.  Houghton  in  the  making  of  the  chemical  analyses  during 
the  active  season  of  1911  Is  hereby  acknowledged. 

*  PractSeal  Suggestions  lor  the  Preparation  of  Frosen  and  Dried  Eggs,  M.  E.  Pennington,  Food  Besearoh 
Laboratory,  Bureau  of  Chemistry,  U.  S.  Department  ofAgriniltQre. 


88874»— Bun.  224-16 1 

Digitized  by 


Google 


2  BULLETIN  224,  U.  S.  DBPAETMBNT  OF  AGBICTJLTUBE. 

A  part  of  the  problem  facing  the  investigators  was  the  conservation  of  ^gs  in  tJie 
form  of  a  wholesome,  fifood-quality  foodstuff.  Waste  due  to  spoilage  beg^  <m  the 
farm  and  increases  with  every  step  on  the  complicated  road  to  the  consumer.  The 
sooner,  therefore,  eggs  unsuited  for  marketing  in  the  shell  can  be  removed  from  the 
shell  and  rendered  stable  the  more  of  them  can  be  saved  and  the  better,  as  a  nile^ 
will  be  the  quality  of  the  product.  It  is  scarcely  possible  that  a  system  of  handling 
and  distributing  eggs  ever  will  reach  such  perfection  that  the  consuming  centers  wiU 
fail  to  receive  some  eggs  not  marketable  in  the  shell.  Large  centers  will  receive  ao 
many  such  that  it  is  eminently  desirable  that  those  eood  for  food  purposes  be  saved. 
But,  from  the  economic  point  of  view,  the  industry  should  be  primarily  ajproducing- 
region  industry,  that  the  expense  of  deterioration,  transportation,  and  handling  in  the 
market  be  saved.  Of  first  importance,  therefore,  is  the  study  of  breakage  condilians 
in  the  producing  country. 

This  report  is  based  on  observations  made  in  establishments  scattered  between 
northwestern  Iowa  and  central  Kansas.  The  work  be^  in  the  spring  of  1911  and 
was  maintained  during  the  egg-breaking  season;  that  is,  until  early  Septemb^.  It 
was  continued,  also,  throughout  the  season  of  1912  in  the  same  territory. 

Thitnigh  the  cooperation  of  the  industry  it  was  possible  to  visit  and  become  inti- 
mately acquainted  with  the  routine  methods  of  many  establishments,  although  the 
expenmental  work  could  be  earned  on  with  comparatively  few,  because  of  the  distance 
between  the  houses  and  the  laboratory  and  the  size  of  the  force  of  investiei^rs  re- 
quired. During  the  season  of  1911  five  separate  plants  were  studied  in  detail,  and  in 
1912  three  were  kept  under  observation. 

An  effort  was  made  to  keep  the  various  establishments  cooperating  in  touch  with 
the  results  obtained  that  improvement  in  the  quality  of  the  product  might  follow 
<juicldy  upon  the  heels  of  knowledge  gained,  oo  promptly  did  the  indi^try  avail 
itself  of  these  suggestions  that  the  houses  were  constantly  changing  the  material  used, 
the  apparatus,  and  the  methods  of  work.  There  was,  therefore,  a  continued  tendency 
toward  better  environment  and  product,  and  each  visit  brought  to  light  new  phases 
to  be  studied  rather  than  existing  conditions  to  be  confirmed  by  repeated  observatums. 
This  rapid  application  of  information  tended  to  mar  the  scientific  continuity  of  labora- 
tory remilts,  but  since  the  object  of  the  work  was  better  frozen  and  dried  eggs  for  the 
people  the  progressive  spirit  of  the  cooperators  was  encouraged,  not  hiodered. 

AB  the  pnnaples  of  cleanliness  of  apparatus,  grading  of  eggs,  discipline  of  breakers, 
and  other  fundamentals  of  a  product  of  standard  quauty  were  unfolded  the  scope  of 
the  work  broadened  to  take  in  the  new  problems  presented.  The  industry  found  it 
desirable  to  plan  the  construction  of  breaking  rooms,  wash  rooms,  candHng  and  re- 
ceiving rooms,  the  application  of  mechanical  refrigeration  to  the  work  in  himd,  etc., 
with  me  departmental  investigators,  that  the  principles  of  ffood  handling  might  be 
fulfilled.  Such  activities  opened  a  field  of  work  in  the  stuay  of  sanitary  surround- 
ings for  the  preparation  of  easily  infected  and  readily  perishable  products.  The  con- 
struction of  suitable  quarters  for  such  work,  therefore,  forms  an  important  part  of  this 
report. 

It  is  highly  desirable  when  investigating  perishable  commodities  that  they  be  traced 
from  the  point  of  origin  to  the  point  of  consumption.  To  do  this  for  frozen  and  dried 
eggs  involves  a  study  of  the  effect  of  long  holding— since  these  products  are  almost 
invariably  kept  to  tide  over  the  season  of  egg  scaraty— and  their  routine  usage  by  the 
baker  while  in  course  of  preparation  for  his  products.  It  will  be  seen,  therefore,  that 
a  distinct  and  important  link  in  the  history  of  the  frozen  (^  dried  eggs  going  to  the 
ultimate  consumer  must  be  sought  outside  of  the  packing  house.  Such  a  study  in 
cooperation  with  the  bakers  is  under  way,  and  wiQ  be  reported  iu  due  time.  This 
report,  however,  deals  with  the  industry  in  the  packing  houses  of  the  West  only. 

REVIEW  OF  THE  EGG-BREAKING  HOUSES  AS  SEEN  IN  1911. 

The  establishments  discussed  in  the  following  pages  were  fair  representatives  of 
the  best  types  of  egg-breaking  plants  in  existence  m  the  Middle  West.  The  manage- 
ment in  every  case  was  more  than  eager  to  prepare  a  good  product  and  tried  earnestly 
to  use  to  advantage  all  the  information  then  available.  A  survey  of  the  field  of  work 
showed,  however,  that  the  principles  of  such  cleuiliness  as  is  needed  were  not  known 
in  the  industry.  The  equipment  was  not  adapted  to  the  work  to  be  done,  nmlriTig  for 
neither  quality  of  product  nor  speed  of  operation.  The  rooms  were  so  constructed 
that  more  than  housewifely  cleanliness  was  impossible,  and  that  was  attained  only  by 
an  undue  expenditure  of  time  and  labor.  The  grading  by  the  breakers  was  in  almost 
all  cases  a  hit-or-miss  operation;  where  a  system  of  grading  had  been  installed  it  was 
faulty  because  of  a  lack  of  knowledge  of  the  character  of  the  individual  eggB.  8u6h  a 
state  of  affairs  gave  a  product  irregular  in  quality,  which  was  not  only  a  detriment  to 
the  baker  but  often  resulted  in  the  waste  of  eood  eggs  as  well  as  a  utilization  of  bad 
eggs.    Back  of  the  &ulty  grading  in  the  brewng  room  there  was  a  universal  lack  of 
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care  in  the  candling  room.  Many  bad  eggs  that  should  have  been  thrown  aside  by 
the  candler  were  sent  to  the  breaker,  complicating  her  work,  soiling  tiie  apparatus 
and,^  ultimately,  finding  their  way,  to  a  certain  extent,  to  the  food  product,  because 
her  ideas  of  economy  would  not  permit  her  to  discard  a  large  percentage  of  eggs,  and 
therefore,  unconsciously,  she  lowered  her  standard  for  food  eggs. 

Grading  eggs,  either  before  the  candle  or  out  of  the  eAiell,  requires  close  attention, 
-vet  there  was  almost  unrestricted  talking,  laughing,  or  whistling  in  both  candling  and 
breaking  rooms.  It  was  not  possible  to  check  the  work  of  the  individuid  candlers  or 
breakers,  since  identities  were  promptly  lost .  Such  a  condition  made  for  carelessness, 
as  a  lack  of  responsibility  always  does. 

The  speed  of  candling  or  breaking  is  a  factor  which  must  be  considered  firom  two 
viewpoints.  If  the  workman  soldiers  or  is  unnecessarily  slow,  the  cost  of  the  work 
performed  is  unnecessarily  high;  on  the  other  hand,  if  he  works  too  rapidly  he  is 
sure  to  miagrade  or  do  dirty  work.  It  was,  therefore,  necessary  to  make  a  study  of 
speed  that  both  the  quality  of  the  product  and  the  cost  of  production  mi^t  be  put  on 
a  more  definite  basis. 

The  investigation  at  the  close  of  the  season  of  1911  had  resolved  itself  into  the  fol- 
lowingproblems:  (1)  The  construction  of  suitable  rooms  for  the  housing  of  the  indus- 
try and  of  suitable  equipment  to  insure  cleanliness;  (2)  the  grading  of  the  e^  by 
candlers  and  breakers;  (3)  the  keeping  of  the  product  after  preparation  and  its  be- 
havior in  the  bakery;  ^4)  the  establishment  of  a  system  based  on  scientific  observa- 
tionfl  b^r  which  an  employee  should  do  a  full  day's  work  that  will  result  in  a  product 
of  definite  and  uniform  quality.  The  work  of  tne  season  of  1912  endeavored  to  solve 
these  questions.    The  story  of  the  work  along  the  lines  indicated  follows. 

PLAN  FOR  THE  EXPERIMENTMi  WORK  OF  1912. 

The  experiments  and  observations  made  in  the  six  houses  during  the  season  of 
1911  showed  that  certain  forms  of  construction  and  equipment  and  certain  methods 
of  operation  are  necessary  for  the  preparation  of  clean,  wholesome  frozen  and  desic- 
cated eggs.  In  order  to  make  practical  application  of  this  information,  arrange- 
ments were  made  to  work  cooperatively  with  the  management  of  three  of  the  houses 
while  remodeling  their  construction  and  equipment,  maSdng  observations,  and  assist- 
ing in  the  oisanization  of  methods  of  operation. 

Since  the  utboratory  studies  during  the  season  of  1911  represented  the  product 
prepared  under  old  conditions,  bacteriological  and  chemical  samples  were  taken  in 
D,  E,  and  F  houses  which  were  under  observation  during  1912.  The  bacteriological 
and  chemical  examioations  of  the  samples  were  made,  as  in  1911,  in  the  Omaha 
Food  and  Drug  Inspection  Laboratory.  The  results  of  the  laboratory  studies  were 
applied  practiodlv,  when  possible,  to  improve  the  quality  of  the  commercial  product 
and  to  learn  which  eggs  should  be  conserved  for  food  purposes  and  which  should  not. 

BEMODBLINO  OF  CONSTRUCTION  AND  EQUIPMENT. 

The  plans  for  remodeling  the  construction  and  the  equipment  of  the  three  houses 
were  founded  on  the  following  general  principles: 

1.  In  order  to  prevent  deterioration  of  eggs  after  receipt,  the  holding  room,  candling 
room,  and  breakup  room  should  be  insulated  and  refrigerated.  A  temperature  of  30^ 
F.  to  32®  F.  diould  be  maintained  in  the  first,  50®  F.  to  55®  F.  in  the  second,  and  60® 
F.  to  65®  F.  in  the  third.  The  chilling  of  the  candling  and  breaking  rooms  is  to  pre- 
vent the  sweating  of  the  eggs  after  they  are  removed  horn  the  chill  room.  Since  the 
candlers  and  briers  spend  the  entire  working  day  in  the  candling  and  breaking 
rooms,  it  is  necessary  that  both  be  ventilated.  The  breakiiu^  room  and  wash  room 
shoula  be  built  with  nonabsorbent  walls  and  floor  and  should  nave  an  abundant  sup- 
ply of  natural  light.  The  washroom  should  be  separate  from  the  breaking  room  and 
should  have  a  floor  sloping  toward  a  drain. 

2.  The  most  important  piece  of  equipment  in  the  candling  room  is  the  egg  candle. 
It  should  be  supplied  with  a  strong,  white  light  and  with  openings  from  three-fourths 
to  one  and  one-fourth  inches  in  diameter. 

3.  The  apparatus  in  the  breaking  room  should  be  of  metal,  or  of  a  material  permit- 
tiiig  of  absolute  cleanliness.  The  table  should  have  metal  legs  and  a  nonabsorbent 
top,  such  as  monel  metal,  zinc,  galvanized  iron,  or  glass.  The  breaking  trays  should 
be  made  of  a  metal  which  will  not  rust.  The  tray  should  be  constructed  with  a 
removable  breaking  knife,  with  a  support  for  the  cups,  so  that  they  will  not  set  in 
the  drip  collecting  trom  the  knife  and  so  that  they  will  not  set  directly  imder  the 
knife,  llie  cups  should  be  transparent,  not  opaque.  The  egg  mixers,  preferably, 
diould  be  surrounded  with  brine  and  so  constructed  that  they  will  permit  of  steam 
sterilization  for  20  minute& 

4.  The  wash  room  should  be  suppUed  with  hot  and  cold  water  and  equipped  with 
fl^inka  and  sterilizers.  ^  j 
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CHUUNOATICm  or  BCBTHOD8  OF  OPEKATION. 

The  reoraanization  of  the  methods  of  operation  included  the  work  of  the  candling 
room,  breaking  room,  and  wash  room. 

1.  A  plan  was  made  to  elaborate  a  system  of  overinspection  in  the  candling  room, 
to  check  the  work  of  individual  candlers,  to  recover  good  eggs  thrown  out  in  rejects, 
and  to  keep  bad  ^s  which  can  be  detected  by  the  candle  from  being  passed  as  good. 

2.  The  organization  of  the  work  in  the  breaking  room  included  rules  for  the  proper 
manipulation  of  the  egg  during  breaking,  for  meuiods  of  grading,  for  changing  appa- 
ratus after  breaking  a  bad  egg,  for  behavior  of  breaker,  and  for  cleaning  the  room  and 
its  equipment. 

3.  A  routine  was  established  in  the  wash  room  whereby  the  thorough  washing  and 
sterilization  of  all  apparatus  coming  in  contact  with  food  esg  was  insured.  Particular 
attention  was  given  to  the  arrangement  of  the  equ Lpment  oTthe  room  to  save  time  and 
labor. 

COORDINATION  OF  FIELD  AND  LABOBATOBT  WORK. 

From  40  to  50  laboratory  samples  were  taken  each  week  of  the  various  tvpes  of  eggs 
occurring  throughout  the  egg-breaking  season  and  of  the  comm^^cial  product  during 
the  different  stoges  of  its  preparation.  In  some  cases  large  subsamplee  were  taken 
for  later  study  in  bakeries. 

The  routine  bacteriological  examination  included  the  determination  of  the  total 
number  of  organisms  present,  ^  the  total  number  of  organisms  producing  gas  in  lactose 
bile,  and,  in  some  cases,  the  isolation  and  identification  of  members  of  the  Bacillus 
colt  group;  the  routine  chemical  analyses  involved  the  determination  of  moisture  and 
the  amount  of  ammoniacal  nitrogen  by  the  Folin  method.  For  further  details  of 
technic  see  pages  74  to  77  in  U.  S.  Department  of  Agriculture  Bulletin  51. 

Regular  visits  of  five  to  six  days'  duration,  beginning  on  April  22  and  endingon 
September  17,  1912,  were  made  on  successive  weeks  to  D,  £,  and  F  houses.  The 
observations  made  in  the  packing  house  on  the  quality  of  the  breaking  stock,  on  the 
eflSciency  of  the  grading  in  the  candling  and  breaking  rooms,  and  on  the  sanitary 
precautions  enforced  in  the  breaking  room  and  wash  room  were  correlated  from  time 
to  time  with  the  laboratory  data.  ^  This  information  was  then  utilized  aa  a  basia  for 
new  or  continued  ^ork  on  succeeding  visits  to  the  three  houses. 

PUBUCATION  OF  RESULTS  OF  THE  INVESTIGATION. 

The  data  obtalnod  from  the  compilation  of  the  descriptions  and  laboratory  findings 
of  the  samples  prepared  from  the  various  types  of  eggs  occurring  throiighout  the  egg- 
breaking  season  have  been  published  in  Bulletin  51  of  the  U.  S.  Department  of 
Agriculture.  Upon  these  data  are  based  the  principles  of  the  grading  of  the  eggs 
used  by  the  breakers  and  the  determination  oi  their  fitness  or  imfitness  for  human 
food. 

The  details  of  the  practical  application  of  the  principles  of  construction  and  equip- 
ment, the  observations  in  the  packing  house,  the  orgsmization  of  candling  room, 
breaking  room,  and  wash  room,  and  the  laboratory  findings  in  samples  of  the  com- 
mercial product  are  correlated,  discussed,  and  summarized  in  the  following  pages  of 
this  report. 

The  results  of  the  study  of  samples  taken  in  the  field  and  followed  throu^  the 
bakery,  together  with  a  detailed  description  of  equipment,  with  illustrations,  and  a 
discussion  of  scientific  management  as  applied  to  the  preparation  of  canned  eggs 
will  be  given  in  later  publications. 

GENERAL  STATEMENT  OF  THE  INVESTIGATION  AND  THE  RESULTS. 

The  frozen-egg  industry,  hardly  15  years  old,  is  permanent,  because  it  has  developed 
as  the  direct  result  of  an  economic  need.  Many  eggs,  such  as  cracked,  small,  dirty, 
shrunken,  and  slightly  heated  eggs,  commercially  termed  seconds,  reach  the  fint 
concentrating  center  in  a  wholesome  condition,  but  if  shipped  in  the  shell  to  a  distant 
consuming  center  they  would  markedly  decompose  and  be  entirely  unfit  fof  food  pur- 
poses. The  new  industry  believed  that  cracked  eggs  and  seconds  could  be  oonaenred 
by  freezing  out  of  the  shell,  and  the  baker  thereby  supplied  with  wholesome  ^ggs  at  a 
reasonable  price  during  the  whole  year. 

As  was  to  be  expected,  the  new  industry  had  to  face  many  problems.  The  geneial 
public  had  its  usual  prejudice  against  any  food  coming  from  cold  storage.  The  indus- 
try was  ignorant  of  the  general  prindplee  of  bacterial  cleanliness  in  the  commefcial 
preparation  of  a  perishable  foodstuff.  Unpurincipled  persons,  thinking  they  could 
conc^  inferiority  of  low-grade  eggs  by  freezing  them  en  masse,  brought  the  industry 
into  disr^ute.    Food  officials  were  groping  in  the  dark  in  their  efforts  to  protect  the 
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public  against  decomposed  eggs.  These  conteDding  forces  were  fast  making  the 
investment  of  money  in  the  preparation  of  frozen  and  dried  eggs  a  hazardous  business 
piopoflition. 

It  was  at  this  time  that  the  Department  of  Agricidture  began  its  study  of  the  problem. 
Science  had  not  entered  the  door  of  the  frozen-e^  indu^ry  as  it  had  done  in  allied 
enterprise»--for  example,  dairying.  The  investigators  had  before  them  the  task  of 
laying  the  groundwork  for  the  scientific  preparation  of  an  extremely  perishable 
product. 

EVOLDnON  IN  GONSTRUCnON,  EQUIPMENT,  AND  OPESATIONB. 

When  this  investi^tion  was  begim  the  breaking  room  in  D  house  was  the  most 
modem,  and  that  of  £  house  the  most  old-fashioned.  The  former  was  the  only  one 
of  five  houses  under  observation  in  1911  to  have  refrigeration  in  this  department.  In 
&tct,  to  this  house  must  be  given  the  credit  of  being  the  first  to  builci  a  model  egg- 
breaking  room.  It  was  built  entirely  of  concrete,  and  the  walls  were  white  enameled. 
The  windows^  were  insulated  and  always  closed;  therefore,  thejr  were  fly  and  dust 
proof,  a  condition  not  found  in  unchilled  rooms.  Persons  entering  the  model  room 
were  astonished  at  the  whiteness  and  the  abundance  of  light.  In  truth,  the  room  had 
been  patterned  after  a  hospital  operating  room.  The  practical  success  of  this  experi- 
ment is  shown  by  the  fact  that  E  house  built  a  similar  room,  but  with  a  capacity 
about  five  times  as  great,  for  the  season  of  1912.  The  egg-breakingroom  of  E  house 
before  and  after  remodeling  is  shown  in  Plates  IV.  V,  and  VI.  The  appearance  of 
the  breaking  room  of  D  and  F  houses  is  shown  in  Plates  VII  and  VIII^  figure  2.  A 
freezer  with  brine-pipe  shelves  to  hold  the  eggs  during  freezing  is  illustrated  in 
Plate  XIII,  figure  i:  ^8  5-6 

The  eouipment  and  the  methods  followed  in  the  breaking  room  were  for  the  most 
part  cruae.  It  was  in  this  quarter  that  a  laige  part  of  the  efforts  of  the  investigators 
was  first  centered. 

The  device  used  for  cracking  and  holding  the  eggs  during  grading  was  one  of  the 
first  pieces  of  apparatus  to  be  attacked.  Laboratory  studies  showed  that  for  the  sake 
of  cleanliness  the  edge  on  which  the  eg^  were  broken  should  be  adjustable  and  should 
not  be  located  directly  over  the  cups  into  which  the  eggs  were  oropped;  that  these 
containers  should  be  supported  by  a  wire  screen  or  other  device  to  prevent  their 
beccmiing  soiled  with  drippings  of  egg;  and,  thirdly,  that  glass  cups  with  a  capacity 
of  two  to  three  egga  shoiild  be  usea  to  prevent  waste  and  to  facilitate  grading.  A 
discussion  of  these  findings  with  the  managements  of  D,  E,  and  F  houses  resulted  in 
each  perfecting  an  egg-breaking  outfit  conforming  to  the  above  specifications.  F 
house,  however,  used  metal  instead  of  ^lass  cups.  F  house  also  aeveloped  a  me- 
chanical method  for  the  separation  of  white  and  yolk.  These  changes  were  begun  in 
1911  and  completed  for  the  season  of  1912.  Illustrations  of  breaking  outfits  of  me  old 
type  are  shown  in  figures  6  and  7  and  also  in  Plate  IX,  figure  2.  'flie  newly  devised 
egg-breaking  trays  are  shown  in  Plate  IX,  figure  3;  Plate  X,  figures  1  and  2;  and  also 
figure  6. 

iTie  method  of  cleaning  utensils  was  practically  revolutionized  as  a  result  of  the 
experiments  of  the  investigators.  The  washing  departments,  except  in  D  house,  were 
generally  located  in  a  comer  of  the  breaking  room.  The  washing  was  done  in  a  hit- 
and-miss  fashion.  Bacteriological  tests  showed  that  even  though  the  utensils  were 
apparently  clean  to  the  senses  they  were  excellent  seed  beds  for  the  bacterial  con- 
tamination of  the  product  (see  Plate  I,  figures  1  and  2;  Plate  II,  figure  1;  and  Plate 
III,  fibres  1. 2,  and  3).  That  this  was  the  case  was  rfiown  also  by  the  fact  that  the 
bacteria  in  tne  product  increased  as  it  passed  from  one  contains  to  another  in  its 
routine  handling  in  the  breaking  and  drving  rooni.  Experiments  showed  that  the 
only  sure  method  of  rendering  the  utensils  bacterially  clean  was  to  steam  them  for 
15  to  20  minutes  at  a  temperatiire  of  210^  to  212^  F.  The  efficiency  of  this  operation 
was  proved  by  the  fact  that  the  product  handled  in  sterilized  utencils  contained 
markedly  fewer  organisms,  oth'^r  conditions  being  ec|ual,  than  did  that  prepared 
in  containers  cleansed  by  the  usual  commercial  method. 

Since  these  experiments  showed  that  the  thorough  cleansing  and  sterilization  of 
utensils  afforded  a  direct  means  of  lowering  the  numbers  of  bacteria  in  the  product, 
and  thereby  enhancing  its  stability,  the  cooperating  members  of  the  industry  did  not 
require  a  second  bidding  to  build  sanitary  well-equipped  wash  rooms  outside  of  the 
breaking  rooms.  In  fact,  the  new  wash  rooms  of  E  ana  F  houses  in  1912  were  models 
of  efiSdency  (see  Plates  XI  and  XII). 

It  was  round,  also,  that  the  fingers  of  the  breakers,  especially  after  breaking 
"sweaty,"  dirty,  or  bad  ^s,  w^e  a  fertile  source  of  contamination.  Actual  contact 
of  Qggshell  and  nngers  coma  not  be  eliminated,  neither  could  a  slight  wetting  of  the 
tips  of  the  thumbs  and  forefingers  with  egg  be  avoided.  But  both  these  objectionable 
practices  could  be  reduced  to  a  minimumby  care  and  skill.    Shell  contamination  was 
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lessened  because  the  cool  air  of  the  chilled  breaking  rooms  prevented  the  toaoaJdatk 
of  water  by  condensation.  D  house  and  E  house  in  1912,  because  of  adeouate  refrig- 
eration, were  not  troubled  with  wet-shelled  eggs.  As  would  be  expectea,  dirty  em 
through  contact  with  the  girls'  fic^iers  furnished  more  bacteria  to  me  product,  other 
conditions  being  equal,  than  did  clean  eggs.  It  was  also  observed  that  the  breaking 
of  eggs  with  hands  constantly  wet  with  egg  not  only  made  the  skin  t^ider  and  (rftea- 
times  painfully  sore,  but  also  increased  the  number  of  bacteria  in  the  product.  Thia 
conditionparallels  that  obnoxious  practice  in  the  dairv  industry  of  milking  wi&  wet 
hands.  The  handling  of  the  e^  with  the  tips  of  the  nngers,  thereby  preventing  the 
rest  of  the  hand  from  becoming  wet,  and  the  frequent  dj^dng  of  the  ends  of  the 
fingers  with  tissue  paper,  not  omy  made  it  possible  for  the  girls  to  keep  th^  hands 
in  good  condition^  but  also  presented  a  practical  means  of  lessening  contamination. 
The  bacteria  furnished  to  the  fingers  by  the  outside  of  the  egg  were  few  compared* 
with  those  derived  from  the  contents  of  an  infected  egg,  sucn  as  a  sour  eg^  <v  egt 
with  a  green  white.  Bacterial  examination  showed  that  the  thorough  washing. ana 
drying  of  hands  after  breaking  a  bad  ^g  was  the  only  means  of  avoiding  this  con- 
tamination. These  findings  are  illustrated  in  Plate  1,  figure  4;  Plate  11,  figures  2 
and  3;  and  Plate  III,  fi^e  4. 

A  very  common  practice  was  the  use  of  rags,  always  unfiightly,  interchangeably  for 
wiping  utensils,  hands,  and  the  floor.  The  bacterial  examination  of  water  wrung  nom 
such  cloths  revealed  hundreds  of  millions  of  oiganisms.  These  agents,  instead  of 
cleaning,  spread  the  dirt.  The  improvement  in  the  manipulation  of  the  egg»  the 
devising  of  an  outfit  suitable  for  breaking;  effi[S,  and  the  introduction  of  tissue  paper 
and  paper  towels  for  ^^ying  hands,  practicimy  abolished  the  use  of  cloths  except  for 
cleaning  the  tables.  These  few  cloths  could  readily  be  laundered,  or  sterilized,  after 
each  day's  work,  so  that  they  could  be  kept  sweet  and  clean.  These  changes  elimi- 
nated a  number  of  the  sources  of  contamination  of  the  product  and  did  much  to  im* 
prove  the  appearance  of  the  breaking  room  as  well. 

The  introduction  of  pails  in  place  of  shipping  cases  to  convey  the  em  from  the 
candling  to  the  breaking  rooms  eliminated  considerable  dust  and  htter.  The  devisiiig 
of  a  tray  for  the  holding  of  leaking  eggs  made  it  possible  to  carry  them  to  the  breaking 
room  in  a  clean  condition  (see  Plate  VIII,  figure  1;  Plate  IX,  figure  1;  and  Plate 
XIII,  figure  2.) 

As  can  readily  be  seen  from  this  dificussion,  the  laboratory  findings  practically 
revolutionized  the  apparatus  used  and  tiie  routine  followed  in  the  breaking  room. 
Instead  of  the  haphazard  collection  of  odd  pieces  of  china,  glass,  and  tin,  th^re  were 
evolved  machines  accurately  adapted  to  the  work  to  be  done;  and  the  careless,  incon- 
sequent methods  of  cracking  and  emptying  the  shells  were  replaced  by  a  standardized, 
definite  routine,  making  for  both  quality  and  efficiency. 

GRADING  THE  BBEAKING  STOCK  BT  CANDLING. 

The  classes  of  eggs  principally  used  for  breaking  were  seconds,  cracked,  and  dirty 
eggs.  It  is  to  be  expected  that  eggs  sold  for  breaking  stock  would  contam  a  higher 
percentage  of  loss  than  would  eggs  sold  as  current  receipts,  and  such,  by  actual  obser- 
vation, was  found  to  be  the  case.  Comparative  data  collected  in  D  house  showed,  as 
illustrated  in  Table  1,  that  from  eggs  purchased  especially  for  breaking  6.6  pet  cent 
of  bad  e^  were  rejected  in  July  and  10.6  per  cent  in  August,  whereas  from  its  cur- 
rent receipts  only  3.5  per  cent  were  discarded  in  July  and  only  3.1  per  cent  in  August. 

Table  1.  —Condensed  candling  reports  ofD  house. 
L  CUBRENT  RECEIPTS. 


Mantli. 


Total 
receipts. 


Firsts,  seconds, 
checks. 


Bad 


June.... 
July.... 
August. 


Dozen. 

53^11 
72, 


Dozen, 
83,730^ 
51,286f 
e9,78li 


Total. 


210,1331 


204,7771 


Percent, 
98.4 
96w5 
96w9 


97.4 


5,466A 


PereenL 
L8 
8.5 
S.1 


2.6 


n.  EGOS  SHIPPED  TO  D  HOUSE  FOR  BREAKINO  PURPOSES. 


Month. 


Total 
receipts. 


Seconds  and  checks, 
good  eggs. 


Bad  eggs. 


July-... 
August. 


Dozen. 
27,0244 
27,9i8{ 


Dozen. 
25,230 
24,953} 


Total. 


64,972A 


50,183| 


Percent. 
9S.4 
89.8 


Dozen. 
1,794* 
2,994} 


9L3 


4,7881 


Pert 


&6 
IILO 


8.7 
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In  order  to  give  farmers,  hucksters,  grocers,  etc.,  an  inducement  to  improve  the 
quality  of  the  eegs  they  sell,  and  in  order  to  put  the  buying  of  em  on  the  same  basis 
88  the  bu^dng  ofother  commoditied,  all  the  cooperating  houses  after  June  1  purchased 
all  of  their  eggs  on  a  quality  bads. 

Instructions  in  the  cooperating  houses  were  to  the  effect  that  only  egss  with  whole 
yolks,  excluding  ''blood  rings"  and  those  having  blood  clots  or  mSd,  should  be 
^;radea  by  the  candle  as  fit  for  food  purposes.  In  the  spring,  but  more  especially  later 
in  the  season,  it  was  observed  that  the  grading  of  eggs  by  the  candle  as  ordinarily 
practiced  was  far  from  accurate.  Bad  eggs  were  passed  as  good  eggs,  and  vice 
versa.  The  correction  of  these  errors  to  save  food  eggs  and  to  prevent  objectionable 
eegs  going  to  the  breaking  room  and  there  contaminating  and  spoiling  g^ood  eggs  was 
oFsuffident  importance  to  warrant  careful  consideration  by  both  the  industry  and 
the  investigators.  The  detailed  results  of  this  investkation  will  be  presented  in 
another  publication.  The  practical  application  of  the  findings  may  be  summarized 
as  follows: 

The  keynote  of  accurate  grading  is  a  knowledge  of  the  quality  of  eggs  and  good 
management.  First,  there  must  be  a  foreman  in  each  candling  room  who  is  not  only 
an  expert  candler  but  also  a  good  executive.  Second,  each  case  or  pail  of  eggs  should 
be  tagged  with  the  number  of  the  individual  candler  that  he  may  have  a  sense  of 
responsibility  and  that  the  accuracy  of  his  candling  may  be  determined.  Third, 
the  candlers  should  be  instructed  to  place  all  eggs  difficult  to  grade  with  the  rejects 
or  in  a  container  by  themselves  in  order  to  reduce  the  number  of  bad  eggs  going  to 
the  breaking  room.  Fourth,  the  foreman  of  the  breaking  room  should  be  on  tne  sdert 
to  detect  bad  eggs  which  are  present  in  breaking  stock  due  to  errors  in  candling  and 
to  report  the  same  to  the  canoling  room/  Fifth,  all  doubtful  eggs  should  be  recandled 
by  an  expert  to  recover  those  which  are  good.  £  and  F  houses  operated  their  can- 
dling room  according  to  this  system  with  excellent  results. 

GBADINO  IN  THE  BREAKING  ROOM. 

If  good  organization  was  important  In  the  candling  room,  it  was  even  more  so  in  the 
breaking  room;  here  the  product  (^pod  em  being  furniahed)  gained  or  lost  in  quality, 
depending  upon  the  mode  of  handling.  Mere,  also,  the  cost  of  preparation  increasea 
or  decreasidd  'with  the  efficiency  of  the  working  force.  First  in  importance  was  the 
foreman,  for  upon  him  should  rest  the  responsibility  of  the  work  of  tne  breaking  force 
and  the  condition  of  the  ultimate  product.  He  should  be  able  to  command  the  respect 
of  his  subordinates,  be  conversant  with  the  fimdamental  principles  of  bacterial  clean- 
liness, and  be  familiar  with  the  different  tyi>e8  of  eggs  occurring  in  breaking  stock. 

Owing  to  the  decided  changes  made  in  equipment  and  methods,  the  routine  work  in 
the  breaking  room  in  1912  was  auite  different  from  that  of  1911.  The  duties  of  the 
foreman  the  second  season  included  the  enforcement  of  the  following:  Clean  manipu- 
lation of  the  egs  during  breaking,  the  proper  method  of  grading,  the  changing  of 
apparatuB  and  the  cleaning  of  hands  after  breaking  a  bad  egg,  the  correct  speed  for 
breflJdng,  the  thorough  waSiing  and  sterilization  of  utendls,  and  the  maintenance  of 
discipline  in  the  breaking  force. 

Since  the  presence  of  one  infected  egg  would  contribute  myriads  of  bacteria  to  the 
liquid  product,  the  study  of  the  grading  of  eggs  out  of  the  diell  became  a  very  im- 
pcnrtant  part  of  the  work.  As  has  been  stated,  the  candling  of  eggs  is  a  very  efficient 
means  of  eliminating  bad  eggs  from  breaking  stock,  but  it  is  by  no  means  accurate. 
It  is  also  generally  understood  by  those  familiar  with  eggs  before  the  candle  and  out 
of  the  shell  that  there  are  some  types  of  objectionable  eggs,  such  as  musty  or  sour  eg^, 
which  can  only  be  detected  when  broken.  The  laboratory  findings  on  composite 
samples  of  eggs  graded  to  definite  types  and  broken  under  clean  commercial  condi- 
tions showedTas  given  in  Bulletin  51  of  the  U.  S.  Department  of  Agriculture,  the 
following  facts: 

The  majority  of  the  samples  of  white  rots,  eggs  with  yolk  lightly  adherent  to  the 
fiiiell,  and  all  of  the  samples  of  sour  eggs,  black  rots,  eggs  with  green  albumens,  eggs 
with  yolk  heavily  adherent  to  the  shell,  and  all  other  eggs  with  bad  odors,  were 
infested  with  bacteria.  B.  coli  were  present  in  most  of  these  eggs  and  constituted  the 
predominating  organism  in  60ur  eggs. 

The  em  with  yolk  li^tly  adherent  to  the  shell  were  slightly  lower  in  quality  than 
the  regu&r  breaking  stock  eggs,  whereas  the  sour  e^,  white  rots,  e^  with  green 
whites,  and  eggs  witn  yolk  heavily  adherent  to  the  ehell  showed  considerably  more 
deterioration.  Eggs  with  bloody  whites,  or  eggs  with  blood  rings,  should  not  be  used. 
The  cause  of  the  musty  egg,  the  odor  of  whicn  increases  on  heating,  thereby  creating 
disaster  in  the  bakery,  has  not  been  determined. 

The  candler  aimed  to  elimiuate  all  of  these  types  of  egg  from  breaking  stock 
except  BOUT  and  musty  eggs  and  eggs  with  green  whites.    As  a  matter  of  fact,  blood 
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ringi,  white  rots,  and  em  with  yolk  li^tly  etuck  to  shell  were  frequ^itly  miiciiiiclled. 
Cracked  egea  with  moldy  riieUa  were  not  alwaya  detected  by  the  candlere. 

This  conoition  of  affain  made  it  neceflaanr  that  the  breakers  be  able  to  recognize 
all  kinds  of  bad  em,  for  upon  Uiem  rested  the  final  reeponsibiUty  of  eliminating  bad 
eggs  from  the  finisned  product.  It  was,  therefore,  incumbent  upon  the  forraaan  to 
setoct  well-qualified  m\a.  If  a  breaker,  f(v  instance,  did  not  have  a  delicate  sense  of 
smeU  die  would  not  be  able  to  detect  Incipient  f<»ms  of  musty  eggs,  sour  eggs,  etc.; 
or,  if  she  were  not  quick  of  perc^tion,  she  would  not  recognize  eggs  with  lig^t  green 
whites,  etc.  The  importance  of  accurate  grading  is  emphasized  by  the  ^t  that  one 
musty  egg  would  spoil  over  30  pounds  of  liquid  egg,  worm  at  least  $5.  If,  on  the  other 
huid,  die  threw  away  eggs  fit  for  food  purposes,  she  incurred  a  financial  loos  to  the 
company. 

Tne  preservation  of  strict  order  among  the  breakers  was  a  matter  of  importance. 
If  a  girl,  for  instance,  gossiped  with  her  ndg^bor,  die  not  only  broke  fewer  eggs  but 
her  grading  suffered.  If  sne  chewed  gum  she  blunted  her  sense  of  smell.  In  order 
to  encourage  ^ood  steady  work  and  at  me  same  time  give  the  girls  a  rest  from  the  con- 
tinuous brealong  of  eggs,  which  involves  constant  attrition  and  the  repeated  use  of 
the  same  muscles,  they  were  given,  in  addition  to  the  noon  hour,  a  recess  of  about 
15  minutes  in  the  middle  <^  ea^  half  day.  They  were  allowed  to  go  out  of  the  room, 
move  about,  and  to  converse  freely.  Such  relaxation  enabled  the  girls  to  do  more 
and  better  work. 

SPBBD  OF  BREAKING. 

After  the  routine  of  1912  had  become  well  established  observations  were  made  of 
the  time  required  to  take  the  necessary  steps  to  break  and  grade  an  egg  and  also  of 
the  average  niimber  of  eggs  broken  per  minute,  and  during  longer  intervals  of  time. 
The  results  may  be  summarized  as  follows: 

The  speed  of  breaking  depends  upon  the  breaker,  the  quality  of  the  eggs,  and  the 
character  and  arrangement  of  the  equipment.  Hie  split-second  timer  showed  that 
the  successive  motions  made  by  the  best  prefers  were  as  rythmic  as  those  of  a  machine. 
The  number  of  eggs  broken  per  minute  averaged  from  12  to  16,  or  from  12  to  16  cases 
of  30  dozen  eggs  each  per  working-day  of  10  hours.  These  figures  refer  to  the  breaking 
of  eggs  without  separating  into  white  and  yolk.  The  breakers  at  £  house  were  the 
swiftest,  those  of  F  house  slightly  slower,  and  those  at  D  house  the  slowest. 


€iO0(?,O^ 


L 


/CAe/L 


Fig.  1.— Diagram  showing  the  seasonal  variation  in  the  bacterial  content  of  the  commercial  product 

of  £  house  In  1913. 

In  E  house  the  pails  of  eggs,  the  breaking  outfit,  the  chute  lot  the  shells,  and  the 
container  for  the  liquid  product  were  so  aixan^ed  that  the  motions  required  to  break 
an  egg  were  minimized  and  were  all  in  one  direction.  In  F  house  half  of  the  force 
worked  left-handedly  because  the  egg  supply  was  contained  in  eg^  cases.  The  case 
would  be  right-handed  for  one  girl  and  left-handed  for  the  girl  winking  opposite.  It 
took  longer  to  remove  eggs  from  cases,  particularly  if  they  were  in  fillers,  than  it  did 
from  paus.  In  D  house  the  break^is  dropped  the  shells  into  a  container  on  the  floor  at 
the  side  instead  of  into  a  hopper  directly  in  front.  The  former  was  slower.  These 
small  differences  mean  but  a  few  tenths  of  a  second  for  each  egg  broken,  but  ag^re- 
mXe  minutes  and  hoiirs  when  the  whole  working-day  is  taken  into  ccmsideraticm. 
Other  factors  being  eliminated,  it  was  found  that  a  girl  working  from  left  to  right  could 
break  over  40  dozen  more  eggs  per  day  than  if  she  worked  in  the  opposite  curection. 
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It  was  also  observed  that  the  ann  couM  empty  cups  more  quickly  than  the  nose 
could  notify  the  brain  of  the  odor  of  the  contents.  For  example,  a  breaker  may  be 
surprised  to  find  that  she  has  put  a  "light  must "  or  a  "beginning  sour  "  into  the  con- 
tainer for  good  eg^  before  her  mind  has  apprised  her  of  the  character  of  the  egg. 
For  this  reason  a  limit  should  be  set  to  the  number  of  eggs  broken  in  a  ^ven  time. 
Though  the  girls  were  not  paid  according  to  the  quantity  df  work  accomplished,  there 
was  an  inherent  tendency  for  some  to  break  very  rapidly.  The  supervisor  should 
make  it  as  much  of  a  point  to  slacken  the  pace  of  these  workers  as  to  hurry  those  who 
are  dow.  With  the  present  equipment  and  methods  a  girl  should  not  break  more 
than  16  eggs  per  minute,  and  if  the  breaking  stock  contains  many  bad  eggs  the  limit 
should  be  reduced  to  12. 


SEASONAL  VABIATION  IN  QUALITT  OF  PRODUCT. 

The  practical  man  is  familiar  with  the  seasonal  variation  in  the  quality  of  the  egg 
supply.  ^  His  knowledge  is  more  often  confined  to  the  differences  in  the  condition  oi 
the  egm  in  the  shell  than  to  that  of  the  frozen  and  dried  products.  Since  the  latter, 
in  thehouses  under  observation,  were  prepared  from  eggs  which  were  graded  by  the 
senses  as  fit  for  food  purposes,  this  is  to  oe  expected  since  small  differences  in  quality 
can  only  be  detected  by  carenil  laboratory  procedures. 

In  order  to  determine  what  part  weather  conditions  played  in  the  ultimate  product, 
samples  were  taken  systematically  in  two  houses  during  the  season  of  1912. 

Table  2. — iSeasonal  variation  in  bacterial  content  of  commercial  samples  of  mixed  egg. 

(D  house,  1912.) 


Period  of  sampUng. 


Number 

of 
samples. 


Average 

number  of 

bacteria 

per  gram. 


Ammoniacal  nitrogen 
(FoUn  method). 


Wet 


Dry  basis. 


Avefage 
atmos- 
pheric tern- 
perature 
prevailing 
15  days 
before 
sampling. 


RainCan 
during  the 

15  days 
previous  to 
sampling. 


Hay  27  to  ao. 
Jim0ltol5. 
Jane  17  to  27. 
Jalyltol2.. 
July  IS  to  81. 
Aug.  10  to  13 
Aug.  19  to  23 


040,000 

660,000 

570,000 

660,000 

1,400,000 

1,500,000 

1,700,000 


Percent. 


Percent. 


0.0018 
.0020 
.0022 
.0022 
.0020 
.0021 


0.0061 
.0067 
.0072 
.0070 
.0065 
.0068 


Inchet. 

0.06 
.42 

2.78 
.12 
.80 

2.88 

3.97 


These  studies  show  that  there  is  a  tendency  for  the  bacterial  count  and  the  amount 
of  ammoniacal  nitro^n  to  increase  as  the  egg-breaking  season  progresses  (see  Tables 
2  and  E-IV,  appendix,  and  figure  1). 


CLASSES  OF  EGGS  PRESENTmG  SPECUL  PROBLEMS. 

LEAKING  EGGS. 

Eggs  with  shell  and  inner  membranes  broken  are  termed  "leakers"  by  the  trade. 
There  are  all  gradations,  from  the  egg  which  has  lost  very  little  of  its  contents  to  the 
egg  which  has  practically  nothing  left  in  its  shell  but  the  yolk. 

JDurinc  periods  of  the  year  when  receipts  are  low  and  the  number  of  leakers  conse- 
quently few,  they  are  commonly  sold  in  the  shell  to  near-by  consumers  and  employees 
of  the  packing  house.  In  the  season  of  heavy  receipts,  when  there  are  more  leaders 
than  can  be  iised  locally,  they  are  either  thrown  out  with  the  rots  or  broken  out  and 
frosen.    The  second  method  of  disposal  is  the  one  concerned  in  this  investigation. 

Formerly  if  the  leakers  were  to  be  conserved  for  food  purposes,  the  candlers  sorted 
these  eggs  from  receipts  as  they  worked  and  either  broke  them  immediately  into  a 
container  near  by  or  placed  them  in  pans  or  pails  to  be  opened  in  another  room. 
Neither  method  was  satisfactory.  If  the  eggs  were  opened  in  a  dark  candling  loom 
they  could  only  be  graded  in  the  shell,  which  was  insufficient.  Then,  too,  it  was 
impossible  to  break  eggs  under  sanitary  conditions  in  a  candling  room.  On  ^e  other 
hand,  if  the  leakers  were  placed  in  pails,  the  damage  to  the  shell  was  increased,  and 
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a  large  part  of  the  contents  ran  over  the  shells  and  collected  around  the  eegs  in  tiie 
bottom  of  the  pail,  thereby  making  it  impossible  to  prepare  a  clean  product  from 
leakers  handled  in  this  manner. 

TBAY  METHOD  OF  HANDLING  LBAKSR8. 

To  avoid  these  difficulties  a  tray  method  of  handling  leakers  was  devised.  The 
tray  was  made  of  galvanized  iron  and  consisted  of  a  drip  pan  upon  which  was  placed  a 
plate  with  perforations  for  holding  the  leaking  eggs.  (rl.  XIII,  fig.  2. )  The  openings 
were  round  and  about  1}  inches  in  diameter,  or  hexagonal  with  sides  about  six- tenths 
of  an  inch  in  length.  The  plate  was  kept  in  position  by  means  of  solder  in  the  comers 
of  the  drip  pan,  or  by  projections  soldered  on  the  sides  about  1  inch  from  the  bottom. 
The  trays  were  1  to  2  inches  high,  with  perpendicular  or  beveled  sides,  and  1  foot 
square  or  1  foot  wide  by  2  feet  long,  the  former  having  a  capacity  of  3  dozen  eggs,  the 
latter  6  dozen.  The  smaller  size  was  much  more  convenient  because  it  took  up  less 
space  in  the  candling  room. 

After  a  leaking  egg  was  candled  it  was  placed,  damaged  end  up,  in  one  of  the  holes 
of  the  tray.  When  filled  the  tray  was  carried  to  the  breaking  room,  where  the  egg/s 
were  broken  and  graded.  The  breaking  and  grading  of  these  eges  was  delated  to  a 
few  expert  girls,  because  it  was  impossible  to  grade  leakers  as  closely  by  tne  candle 
or  to  break  them  in  as  cleanly  a  manner  as  cracked  or  sound  eggs.  The  leaking  eggs 
were  opened  with  the  thumb  and  the  two  first  fingers  of  each  hand,  and  in  many 
instances  without  usine  a  breaking  knife.  Precaution  was  taken  to  keep  the  leaking 
end  of  the  egg  down  while  the  egg  was  bein^  opened  so  that  the  contents  would  drop 
into  the  cup  instead  of  runninfi;  over  the  shell  and  wetting  the  fingers  of  the  breaker. 
The  same  principles  used  in  tne  erading  of  the  regular  breaking  stock  were  used  for 
leakers,  except  tnat  the  grading  of  soft  egga  was  done  much  more  closely. 

During  the  first  part  of  the  season  bacteriological  and  chemical  tests  were  made  of 
six  small  samples  of  leaking  eggs  collected  in  the  candling  room  and  opened  and 
graded  carefully  in  the  breaking  room.  The  results  are  given  in  Table  3.  These 
results  compared  favorably  with  those  obtained  from  contemporaneous  samples  of 
eggs  broken  from  cracked  and  whole  eggs,  and  warranted  further  investigation  of 
leaking  eggs  to  determine  whether  they  could  saiely  be  conserved  for  food  purposes. 

Table  3. — Experimental  samples  of  leaking  eggs,  opened  in  the  breaking  room  (D  hou9e, 

1912). 


Sample 
No. 

Source. 

DateofooUeo- 
tlon. 

Bacteria  per  gram 
on  plain  agar  in- 
cubated at— 

S 

Ammonlacal 

nitrogen  (Folin 

nwthod). 

Iff^l^f^if^^ 

Number 
of  eggs  ta 

20«C. 

37»C. 

per  gram 

&  lactose 

bUe. 

Wet 
basis. 

^ 

saiMe. 

4273.... 

D-1 
D-1 
D-1 
D-1 
D-1 

Mftvg 

2,100 
16,500 
45,000 
37,000 
100,000 

1,300 
4,200 

34  500 
5,000 

02  000 

10,000 

0 

10,000 

100 

10 

Percent. 

0.0015 

.0013 

Percent. 

0.0053 

.0045 

Percent, 
71.91 
7D.83 

IS 

4274 

do 

18 

4275.... 

do 

e 

4284.... 

do 

.0019 
.0013 

.0067 
.0046 

71.53 
71.86 

12 

4286.... 

do 

12 

Laboratory  tests  of  three  samples  of  leaking  eggs  broken  in  the  candling  room  at  F 
house  during  May  showed  a  variation  of  from  1,600,000  to  25,000,000  per  gram  in  the 
bacterial  count,  and  of  10,000  to  100,000  per  gram  in  the  number  of  presumptive 
B.  coli.  (Table  4.)  Sample  No.  4370,  representing  150  pounds  of  leakers,  broken  in 
the  candling  room  of  F  house  during  the  latter  part  of  May,  showed  the  high  count 
of  25,000,000  organisms  per  gram,  but  a  low  amount  of  ammoniaad  nitrogen,  namely, 
0.0020  per  cent  on  the  fresh  basis  and  of  0.0067  per  cent  on  the  dry  basis.  These 
results  indicate  that  most  of  the  eg^  in  the  product  were  sound,  but  that  there 
were  some  highly  contaminated  eggs  in  the  mass.  Their  presence  was  probably  due 
to  the  impossibility  of  eliminating  infected  eggs  when  opening  leakers  in  a  candling 
room.  Results  of  samples  taken  about  a  month  later,  but  handled  by  the  tray 
method,  gave  as  shown  in  Table  F-X  (appendix)  bacterial  counts  varying  from  23,500 
to  1,700,000  per  gram  and  the  number  of  presumptive  B.  coli  between  10  and  10,000 
per  gram.  These  results  indicated,  therefore,  that  the  minimum  count  of  the  samples 
of  leaking  ^ggs  opened  in  the  candling  room  was,  approximately,  the  same  as  the 
maximum  count  of  those  opened  in  the  breaking  room:  and  that  the  presumptive 
number  of  B,  coli  was  also,  in  most  cases,  higher  in  eggs  nandled  by  the  old  method. 


Digitized  by 


Google 


PBBPABATION  OF  FROZEN  AND  DBIED  EGOS. 


11 


Tabus  4.— Commercial  iomplea  of  leaking  eggs  hroien  in  the  candUng  room  (F  house, 


Sample 
Na 

Source. 

Date  of 
oollec- 
tkm. 

Bacteria  per  gram 
on  plain  asar  In- 
cubated at- 

pergiam 

bHactose 

bile. 

Liquefy- 
ing or- 
ganisms 
per  gram. 

Ammoniaoal 
nitrogen  (FoUn 

Mois- 
ture. 

Weight 
ofsam- 

20»C. 

87»C. 

Wet 
basis. 

53L 

pie. 

4214 

4224 

4243 

4»70 

F-1 
F-1 
F-1 
F-2 

May    1 
May    2 
May    3 
May  28 

4,800,000  2,100,000 
3,800,000  1,800,000 
1,600,000      050,000 
25,000,000  6,800,000 

10,000  1,400,000 
100,000      430,000 

10,000      650,000 
100,00012,000,000 

Peret, 

0.0017 

.0016 

.0017 

.0020 

Per  a. 

0.0054 

.0054 

.0062 

.0067 

Peret. 
69.74 
70.35 
72.65 
70.00 

Lb9. 

420 

iso 

ORADrNG  LBAKINa  E008. 

An  analysiB  of  the  kind  and  number  of  rejects  found  on  breaking  350  dozen  candled 
leakers  handled  by  the  tray  method,  showed  that  5.2  per  cent  consisted  of  deteriorated 
eggs,  which  could  have  been  detected  by  careful  candling  had  the  ^ggs  been  whole 
or  merely  cracked,  and  4.4  per  cent  of  infected  ^igs  which  could  have  been  eliminated 
out  of  the  shell.  The  percentage  and  kinds  ofeggs  making  up  the  5.2  per  cent  of 
deteriorated  Qggs  ordinarily  detected  in  candling  were  as  follows: 


Percent 

Whiterots. 57.8 

Eggs  with  moldy  shells. 17.8 

Eggs  with  adherent  yolk 7. 8 


Percent. 

Eggs  with  blood  rings 6.9 

Eggs  with  yoLk  nearly  mixed  with  white 6.9 

Rotten  eggs 3.6 


Following  are  the  percentage  and  kinds  of  eggs  making  up  the  4.4  per  cent  of  infected 
eggs  which  could  omy  be  detected  out  of  the  shell: 


Soar  eggs.. 

B0ft€ 


Percent 

40.1 

30.4 


agreenwhlte 20.8 


Percent. 

_  with  a  moldy  odor 8^7 

Eggs  with  an  abnormal  odor  (not  bad) 2.1 

Eggs  with  a  bad  odor 2. 6 


From  these  results  it  is  seen  that  of  the  badly  deteriorated  eggs  occurring  among 
leakers,  white  and  sour  rots,  eggs  with  moldy  shells  and  soft  eggs  were  me  most 
frequent. 

Since  a  portion  of  the  contents  of  leaking  eggs  has  been  lost,  it  would  be  expected 
that  a  smaller  amount  of  liquid  egg  would  be  obtained  from  these  eggs  as  compared 
with  that  from  cracked  or  whole  eggs.  That  this  is  the  case  is  shown  by  the  fact 
that  an  average  of  27.7  pounds  of  liquid  ^g  were  obtained  from  eight  different  lots  of 
30  dozen  leaking  eges,  as  compared  with  an  average  of  34  pounds  from  a  large  number  of 
I  of  cracked  and  whole  eggs. 


LABORATORY  RESULTS  ON  LEAKERS  HANDLED  COMMERCIALLY  BY  THE  TRAY  METHOD. 

Fifty-three  samples  were  taken  of  leaking  eggs  handled  on  trays  and  opened  In 
the  breaking  room;  17  were  obtained  at  D  house,  16  at  E  house,  and  20  at  F  house. 
The  laboratory  findings  are  given  in  detail  in  Tables  D-IV,  E-VII,  and  F-X, 
respectively  (appendix,  pp.  99,  77,  and  89),  and  are  summarized  in  Table  5. 

Tablb  b.-^ummary  of  laboratory  results  on  leaking  eggs,  tray  method  ofhandlingy  191i, 

I.  BACTERIOLOGICAL  DATA. 


Honw. 

Number 
of 

Number  of  organisms  per  gram. 

Oas-producing  bacteria 
per  gram  in  lactose  bile. 

Minimum. 

Maximum. 

Average. 

D 

17 
16 
20 

600 
200,000 
23,500 

3,700,000 
6,000,000 
4,500,000 

470,000 

2,800,000 

910,000 

0 
0 

0 

100,000 
100,000 

S 

P 

1,000,000 
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Table  S.-^wnmcary  of  labcfotorff  retuUt  on  leaking  $ffg$,  Iroy  HMtibotf  of  handlmg, 

ISlt-^Conthmed, 

XL  CHEMICAL  DATA. 


berof 
sam- 
ples. 

FwoanlBgeofmolstare. 

Hoose. 

Wet  basis. 

Dry  basis. 

Mini- 

Maxi- 
mum. 

Aver- 
age. 

Mini. 

Mazi- 

mom. 

Aver- 
age. 

Mini, 
mum. 

Maxi- 

mom. 

Ayer- 

age. 

• 

D 

18 
11 
13 

aoois 

.0020 
.0016 

0.0033 
.0038 
.0028 

a  0017 
.0028 
.0090 

0.0047 
.0066 
.0049 

0.0076 
.0079 
.0060 

0.0058 
.0074 
.0066 

60.07 
64.12 
66.60 

73. 8S 
70.60 
71.41 

71.18 

B 

68.16 

F 

00.  a 

The  bacterial  counts  and  the  percentages  of  ammoniacal  nitrogen  of  samples  of 
good  Quality  leaking  eggs  handled  oy  the  tray  method,  broken  in  a  cleanly  mann^  and 
gradea  carefully,  were  no  greater  than  those  found  in  synchronous  samples  of  seconds, 
dirty,  or  cracked  em. 

Samples  with  hi^  bacterial  counts  and,  in  some  cases,  with  hidi  percentages  of 
ammoniacal  nitrogen  are  grouped  in  Table  6.  In  most  instances  these  results  could 
be  traced  to  poor  grading  during  breaking  or  to  low-grade  receipts  from  whidi  the 
leaking  eggs  were  sorted. 

Tablx  6. — Commercial  eamples  of  low  quality,  leaking  eggs,  tray  method,  1912. 


Smu- 
No. 


Sooioe. 


Date  of 
oolleo- 
tlon. 


Bacteria  per  gram 
on  plain  agar  in- 
cubated at— 


30' C. 


87' 0. 


Llque- 

fyfag 

orgamsms 

per  gram. 


Ammoniacal 

nitrogen  (FoUn 

method). 


Wet 
basis. 


b^ 


Moist- 
ure. 


She 
of 


pie. 


Num- 
ber 
of 
dis- 
cards. 


4603.. 
4636.. 
4787.. 

4868.. 
4850.. 


F-8.. 
F-3.. 
E-6.. 
D-6.. 
D-6.. 


June  11 
June  13 
July  18 
July  29 
...do 


4,900,000 
19,000,00016, 
86,000,000  " 
14,000," 
20,000, 


),00019, 
1,00067, 


8,300,000 
16,000,000 
3,000,000 
1,000,000 
,000,000 


10,000 

100,000 

10,000 

10.000 

100,000 


LSOOyOOO 
800,000 


Peret. 

0.0023 
.0021 
.0029 


Peret. 

a  0074 

.0068 


Peret, 
70.18 
60.18 
73.48 
00191      .00641      70.48 
0019      .0065      70.68 
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The  amount  of  moisture  averaged  71.18  per  cent  in  the  13  samples  of  leaking  < 

taken  at  D  house,  68.16  per  cent  in  tlie  11  samples  taken  at  E  house,  and  69.33  per  cent 
in  the  15  taken  at  F  house.  These  figures  were  lower  than  those  found  when  cracked 
or  whole  esgs  were  examined,  due  to  the  fact  that  some  of  the  white,  which  contains 
considerably  more  water  than  the  yolk,  had  been  lost. 

SOFT  BGCH3. 

Eggs  which  are  not  separable  into  white  and  yolk  are  termed  soft  eggs  in  this 
report.  This  egg  is  illustrated  in  Plate  XIV.  It  may  have  a  whole  yolk  before  the 
candle,  but  may  be  ruptured  during  the  process  of  breaking. 

Thirteen  samples  of  soft  eggs  were  taken,  in  which  there  was  observed  a  consider- 
able variation  in  both  the  bacterial  content  and  the  amount  of  ammoniacal  nitrogen. 
For  example,  53.8  per  cent  of  the  samples  contained  less  than  5,000,000  bacteria  per 
mm,  and  46.2  per  cent,  between  6,100,000  and  80,000,000  per  gram.  (See  Table 
F-Vfll,  Appendix.) 

The  samples  with  counts  under  5,000,000  contained  an  average  of  0.0021  per  cent 
of  ammoniacal  nitrogen  on  the  wet  basis  and  0.0074  per  cent  on  the  water-free  basis; 
those  with  counts  over  5,000,000  showed  an  average  of  0.0026  per  cent  on  the  wet 
basis  and  of  0.0086  per  cent  on  the  water-free  basis.  The  average  amount  of  looeel^- 
bound  nitroeen  in  the  samples  of  soft  egg,  with  counts  under  5,000,000  per  gram,  is 
practically  uie  same  as  that  found  in  samples  of  whole  egg  which  could  be  separated 
into  white  and  yolk. 
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It  is  evident  from  these  results  thftt  a  laige  percmitage  of  soft  egss  contain  compar- 
ativelv  few  organisms  and  a  comparatively  small  amount  of  looe^^r  bound  nitrogen, 
and  also  that  others  are  markedly  infected  and  deteriorated.  It  is  qidte  probable 
that  infected  soft  eg^  are  incipient  forms  of  sour  eggs,  white  rots,  etc.,  which  have 
not  yet  acquired  theur  identifying  charactmstics. 

SBCONIM3IIADB  FSOZEN  EGGS. 

The  second-grade  product  was  prepared  from  egKs  showing  incipient  deterioration 
bv  the  senses  and  from  drippings  from  the  breakinfflnife.  By  far  tne  greatest  nmnber 
of  the  samples  of  these  eggs  showed,  as  nven  in  Table  F-V  (Appendix,  p.  84),  decided 
infection  and  marked  deterioration.  The  average  bacterial  count  was  35,000,000  per 
ffram;  and  the  average  amount  of  ammoniacal  nitn^n,  0.108  per  cent  on  tilie  dry 
basis.  These  results  are  considerably  higher  than  those  found  in  any  of  the  first- 
grade  products  (see  Tables  11  and  12). 

Samples  were  taken  of  some  of  the  component  eggs  of  the  second-grade  product. 
The  results  are  correlated  in  Table  F-XII  (Appendix ,  p.  92) .  Both  the  incipient  sour 
egga  and  the  eg^  with  white  beginning  to  turn  green  contained  millions  of  bacteria 
and  a  comparatively  laige  amount  of  ammoniacal  nitrogen.  These  data  show  very 
plainly  that  it  is  impossible  to  detect  by  the  senses  sour  eggs  or  eggs  wiUi  green 
whites  until  the  bacteria  have  developed  in  sufficient  niunbers  to  cause  a  partial 
decomposition  of  the  e^  material.  Cracked  eggs  with  moldv  shells,  even  though  the 
appearance  and  odor  oftheir  contents  were  normal,  frequently  contained  many  oigan- 
iflms.    The  amount  of  ammoniacal  nitrogen  was,  however,  not  excessive. 

The  bacterial  count  of  nine  samples  of  drippings  hrom  breaking  knives  and  trays 
varied  from  10.000  to  13,000,000.  There  were  between  100  and  100,000  B,  coH  p^ 
gram  in  the  different  samples.  This  drip  contributed  fewer  organisms  to  the  second- 
grade  product  than  did  the  ^gs  showing  incipient  deterioration  by  the  senses. 

The  wide  variation  of  71.79to  84.60  per  cent  of  moisture  was  due  to  the  ctifference 
in  the  amount  of  drippings  or  white  present. 

These  results  show  very  conclusiveljr  that  incipient  forms  of  sour  eggs,  egm  with 
sreen  whites,  etc.,  are  not  only  heavily  infected  but  are  distinctly  decompose.  The 
ukboratory  studies  of  the  second-^^rade  product  coincide  with  the  decision  of  the  senses 
as  applied  to  the  eggs  constituting  it,  namely,  that  it  is  unfit  for  food  purposes. 

TANNERS'  EGGS. 

Tanners'  eggs  are  prepared  from  the  discards  from  the  candling  and  breaking 
room  minus  the  eggs  with  a  bad  odor,  or,  in  other  words,  all  eg^  admittedly  unfit  for 
food  except  those  with  a  repugnant  odor.  The  latter  are  not  included  because  they 
would  be  aisagreeable  for  the  tanners  to  handle.  The  eggs  regularly  graded  text  tanners' 
purposes  are  as  follows: 

Candling-room  discards,— Wdte  rots,  eggs  with  moldy  shells^  ^gs  with  adherent 
yolks,  e^  with  blood  rings,  and  eggs  witnyolk  nearly  mixed  with  white,  etc. 

BreaJhrng^room  discards.'— Soui  eggs,  eggs  with  green  whites,  eggs  with  a  moldy  odor, 
other  eggs  with  abnormal  odors,  and  good  eggs,  when  bad  egga  are  broken  in  a  cup 
with  them,  etc. 

Many  of  these  eggs  are  illustrated  in  Bulletin  51  of  the  U.  S.  Department  of  Agri- 
culture; others  are  shown  in  this  report  in  Plates  XV  and  XVI. 

In  Table  7  are  given  the  laboratory  findings  in  samples  of  tanners'  eggs,  four  of 
which  were  prepared  from  eggs  discarded  in  the  candling  room  and  six  from  eggs 
rejected  in  the  breaking  room.  It  wiU  be  noted  that  every  sample  is  heavily  infected 
with  organisms  and  that  with  few  exceptions  those  prepared  in  the  breaking  room 
were  sboxit  twice  as  heavily  infected  as  those  made  nrom  eggs  discarded  during  can- 
dling. This  difference  would  have  been  still  greater  had  no  good  eggs  been  present 
in  the  former. 

The  number  of  bacteria  in  tanners'  eggs  varied  from  31,000,000  to  150,000,000,  being 
markedl)r  greater  than  the  average  count  found  in  the  samples  of  first-grade  ^s. 
The  minimum  fieure,  however,  is  not  far  from  the  average  bacterial  content  of  the 
second-grade  product,  i.  e.,  35,000,000. 

The  amount  of  chemical  decomposition  was  also  greater  in  the  tanners'  grade  pre- 
pared from  em  rejected  in  the  breaking  room  than  in  that  made  from  the  bad  eggs 
found  on  candling.  The  average  amount  of  ammoniacal  nitrogen  found  in  the  former 
was  0.0099  per  cent  on  the  dry  basis  and  in  the  latter  0.0160  per  cent. 
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CX>MPARATIVE  STUDY  IN  TWO  HOUSES  ON  EGGS  BEFORE  AND  AFTER 

DESICCATION. 

The  belt  system  used  in  E  and  F  houses  differed  in  some  respects.  In  £  house  the 
hot  air  entered  the  ducts  in  which  the  belts  circulated  througn  several  flues  and  was 
expelled  through  two  others.  In  F  house  there  was  one  inlet  and  one  outlet  for  the 
hot  air.  By  the  arrangement  of  the  air  dxicU  in  E  house  the  supply  of  9ai  coming  in 
contact  with  the  drying  egg  was  replenished  before  it  had  become  saturated  with 
moisture.  The  temperature  of  the  intake  air  in  E  house  varied  from  135^  F.  to  160^  F. 
for  whole  egg,  and  in  F  house  it  was  160**  F.  for  yolk  and  140®  F.  for  mixed  egg.  The 
temperature  of  the  outgoing  air  was  about  10**  lower  in  E  house  and  about  30°  lower 
in  F  house  than  the  incoming  air.  £  house  desiccated  about  150  pounds  of  whole  egg  in 
one  hour  and  F  house  about  80  pounds. 

The  belts  of  £  house  were  considerably  longer  than  those  of  F  house;  conseauentlv 
they  were  supported  on  the  lower  side  b  v  rollers.  The  portion  of  the  egg  on  tne  belt 
coining  in  contact  with  these  rollers  dia  not  dry  as  quickly  as  the  films  of  eggs  on 
the  exposed  sections  of  the  belt.  As  a  result,  Wcky  masses,  commercially  termed 
"wet  lumps,"  were  mixed  with  the  flaky  egg  scraped  from  the  belts.  The  imper- 
fectly dried  portions,  however,  represented  but  a  small  amotint  of  the  final  product. 
They  were  screened  and  subjected  to  further  drying.  The  average  moisture  content 
of  the  dried  product  inmiediately  after  being  removed  from  the  belts  was  at  £  house 
8.82  for  the  whole  egg.  £  house  did  not  subject  the  dried  egg  to  secondary  drying. 
F  house,  however,  exposed  the  product  to  a  temperature  oilOO®  F.  for  aoout  five 
hours.  The  percentage  of  moisture  then  averaged  6.13  for  the  mixed  egg  and  5.04 
for  the  yolks,  as  against  11.24  per  cent  for  mixed  egg  and  11.21  per  cent  for  yolk  when 
the  dried  egg  was  removed  from  the  belts. 

BACTERIAL  CONTENT. 

Eighteen  comparative  examinations  were  made  of  the  product  in  £  house  before 
and  after  desiccation.  The  results  given  in  Table  £-V  (Appendix,  p.  74)  show  in 
practically  every  case  (if  the  count  of  the  dried  product  be  divided  by  3  to  make  it 
comparable  with  the  liquid  e^)  that  there  is  a  reduction  in  the  number  of  bacteria 
during  the  process  of  desiccation. 

The  lowest  count  found  in  samples  of  the  flaky  dried  egg,  as  shown  in  Table  E-III 
(Appendix,  p.  70),  was  65,000  per  gram  and  the  highest  20,000,000.  The  average 
count  for  the  48  samples  was  3,600,000.  The  number  of  6.  colt  varied  from  0  to 
1,000,000  per  gram.  Only  6,  or  12.5  per  cent,  contained  1,000,000.  (Table  E-VIII, 
Appendix,  p.  78.) 

The  bacterial  content  of  the  samples  of  ^'  wet  lumps  **  averaged  6,900,000  and  varied 
from  1,100,000  to  18,000,000  per  gram.  Correspondina;  samples  of  flaky  egg  contained 
between  430,000  and  12,000,000  organisms  per  gram  (Table  £-11 ) .  Comparative  results, 
given  in  Table  £-11  (Appendix,  p.  68),  indicate  that  in  some  instances  there  is  a 
multiplication  of  ora^auisms  in  wet  lumps  during  the  process  of  desiccation.  There 
was  practically  no  aifference  in  the  bacterial  content  of  wet  lumps  before  and  after 
secondary  drying. 

In  the  spring  of  the  year  there  was  practically  no  increase  in  the  number  of  bac- 
teria during  drying.  In  the  summer,  however,  there  was  appreciable  multiplication 
during  desiccation  (see  Table  F-I,  Appendix,  p.  80).  This  is  undoubtedly  due  to 
the  warmer  weather  and  the  greater  amoimt  of  water  in  the  air  during  the  summer. 

It  is  probable  that  an  increase  in  the  air  supply  to  the  belts  and  an  increase  and 
rearran£:ement  of  the  inlet  and  outlet  ducts  would,  facilitate  desiccation  and  prevent 
multiplication  of  bacteria  without  diminishing  the  solubility  of  the  dried  proauct. 

AMMONUCAL  NITROGEN. 

The  amount  of  ammoniacal  nitrogen  found  in  the  desiccated  products  of  £  and  F 
houses  is  not  comparable  with  the  amount  present  in  liquid  egg  before  drying.  For 
example,  the  parallel  tests  given  in  Table  JB-V  (Appendix,  p.  74J  rfiowed  that  the 
percentage  of  ammoniacal  nitrogen  calculated  on  the  dry  basis  varied  from  0.0073  to 
0.0093  in  the  liquid  egg  and  from  0.0009  to  0.0016  in  the  corresponding  product  after 
defliccadon .  Similar  variations  can  be  seen  in  TabJ  e  F-VI  (Appendix ,  p .  76) .  These 
results  indicate  that  a  portion  of  the  ammoniacal  nitrogen  was  volatilized  during 
desiccation. 

The  amount  of  ammoniacal  nitrogen  volatilized  from  the  product  during  desiccation 
18  not  constant,  according  to  the  above  tables.  For  instance,  samples  41079  and  41085 
listed  in  Table  E-V  contained  0.0093  per  cent  of  loosely  bound  nitrogen  in  the  liquid 
form,  but  after  desiccation  one  contained  0.0(X)9  per  cent  and  the  other  0.0015  per  cent. 
3ince,  therefore,  the  amount  of  loosely  bound  nitrogen  lost  from  ^ggs  during  drying  is 
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variable,  it  10  not  poodble  to  judge  the  quality  of  the  liquid  egg  from  tJie  quantity 
found  in  dried  egg^  or  vice  versa. 

A  compariBon  of  the  amount  of  ammoniacal  nitrogen  and  the  bacterial  content  0! 
dried  whole  eggj  dried  mixed  egg,  and  dried  yolks  diows,  as  can  be  observed  in  Tables 
E-V,  F-II,  and  F-IV.  a  tendency  to  greater  quantities  of  ammoniacal  nitroeen  wh&i 
the  product  is  heavily  infected  with  bacteria,  but  the  relation  between  uie  two  is 
far  from  being  as  definite  or  as  conclusive  as  ^en  the  tests  are  applied  to  liquid  egg. 

COAiPARISON  OF  THE  UQUID  PRODUCT  FROM  THREE  HOUSES  IN  1912. 

There  was  but  slight  variation  found  in  the  amount  of  ammoniacal  nitrogen  in  the 
commercial  liquid  products  prepared  by  the  cooperating  houses  in  which  the  mode 
of  preparation  was  the  same.  The  average  bacterial  contents  of  the  liquid  producte 
of  D  and  F  houses,  which  derived  their  breaking  stock  mostly  from  their  cunrent 
receipts,  were  nearly  the  same.  The  number  of  bacteria  in  the  liquid  egg  of  E 
house  was  greater  than  for  the  other  two  houses.  The  latter  purchased  its  breaking 
stock  from  other  houses;  conseauently  it  was  somewhat  older  at  the  time  of  break- 
ing than  that  of  the  other  two  nouses.  The  data  summarizing  the  findings  for  Uie 
three  houses  are  given  in  Tables  8, 9, 10,  E-VIII  (App^idix),  and  F-XI  (Appendix). 

Table  S,-^ummary  0/  laboratory  remlU  on  coTmrurdal  samples  taken  in  D  houm 

during  1912, 
I.  chemical  results. 


Num- 
ber. 

Peroentage  of  ftTninonlacal  nitrogeo. 

PeioeatageofmoiBtine; 

Deseription  of  sam- 
ple. 

WetbMb. 

Dry  basis. 

Aver^ 

Mlni- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
THum. 

Mazl- 

Aver- 
age. 

Mini- 
mum. 

Mazl- 

Whites 

7 
13 
34 

a0004 
.0009 
.0020 

0.0002 
.0024 
.0014 

0.0006 
.0087 
.00% 

a0028 
.tJOTO 
.0067 

a  0016 

.0054 
.0046 

a0046 
.0063 
.0062 

87.27 
67.79 
69.46 

86.96 
63.64 
6&83 

87.90 

Yolks 

M.06 

UItH  <«c 

71.43 

n.  BACTERIOLOGICAL  RESULTS. 


Whites. 

Yolks. 

Mixed  ««. 

Organisms  per  gram. 

Number 

of 
samples. 

Percent. 

Number 

of 
sanq>les. 

Percent. 

Number 

of 
samples. 

Percent. 

0  to  10,000  inclusive 

8 

4 
3 
8 
3 
1 

13.6 
18.2 
13.6 
86.3 
13.6 
4.6 

3 
8 
8 
3 
6 
3 

16.0 
16.0 
16.0 
16.0 
25.0 
16.0 

1 

X2 

10,001  to  60,000  inclusive 

60,001  to  100,000  inclusive 

100,001  to  600,000  inclusive 

14 

15 
16 

10L4 

6do!O01tol,0dO,d0OtDclusive 

tt.e 

1/)00,001  to  6,000,000  inclusive 

84.8 

Total 

22 

20 

46 

Average 

28L 

norm 

48L 

noQO 

1,000,000 
6.100 

Mininnim 

'100 
1,500,000 

'20b 
2,100,000 

Maximum 

3,300,000 

Whites. 

Yolks. 

Mixed  egg. 

Number  of  organisms  per  gram  produc- 
ing gas  in  lactose  bile. 

Number 

of 
samples. 

Peroent 

Number 

of 
samples. 

Percent 

Number 

of 
samples. 

Pweot 

T^ffw  fhftii  10 

4 

2 

3 
6 

4 
3 

19.0 
9.6 
14.3 
28.6 
19.0 
9.6 

2 
1 
4 
6 
2 
2 
2 

ILl 
6.6 
22.2 

27.7 
11.1 
ILl 
ILl 

10 

100 

8 
U 
16 
16 

2 

CLS 

1-000 

At 

i5.oo6 

Hi 

100,000 

Sli 

IjOOO.000 

4.S 

Total 

21 

18 

46 
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Table  9.— Nummary  of  laboratory  retuUs  on  commercial  iampUi  taken  in  E  house 

during  191t, 

I.  CHEMICAL  RESULTS. 


Table 
No. 

Peroentage  of  ammnnlanal  nitrogeo. 

P*fvuwi4 

Dwoription 
of  sample. 

Mum- 

of 
sam- 
pies. 

Wet  basis. 

Dry  basis. 

jreiwuuiBv  w»  ii«/i»»»«w. 

Aver- 
age. 

Mini- 
mum. 

Mazi- 

mom. 

Aver- 

Mfnf- 
mnm. 

Mazl- 

mum. 

Aver- 
age. 

ICinl- 
mtxm. 

Hazi- 
mum. 

Whit* 

Yolks 

Whole  ens... 

E-VI 
E-VI 
B-IV 

8 

4 

82 

a0006 
.0036 
.0021 

aooos 

.0029 
.0016 

aoooe 

.0030 
.0024 

0.0044 
.0063 

.0075 

a0040 
-0072 
.0064 

a0049 
.0092 
.0087 

87.84 
68.37 
72.83 

87.56 
67.72 
7a  23 

8&31 
69.5a 

74.17 

U.  BACTERIOLOGICAL  RESULTS. 


Deseription  of  sample. 


Table 
No. 


Number 

of 
samples. 


Percent 

of 
samples 

with 
counts 

over 
6,000,000 
per  gram. 


Number  of  organisms  per  gram. 


Average. 


Minimum. 


MuTlmnm. 


Liqoldeggs: 

Whites 

Yolks 

Whole  em 

Desiooated  whole  eggs: 


FlakveggB. 
Wet  lumps. 


E-VI 
E-VI 
B-IV 

E-m 

E-n 


0 

0 

25.3 

20.8 
60.0 


780,000 

680,000 

3,100,000 

3,500,000 
5,900,000 


1,000 

6,600 

700,000 

65,000 
1,100,000 


1,800,000 
1,300,000 
11,000,000 

20,000,000 
18,000,000 


Table  10.— ^umwiory  of  laboratory  reeults  on  commercial  samples  taken  in  F  house 

during  1912, 

I.  CHEMICAL  RESULTS. 


Table 
No. 

Num- 
ber 
of 
sam- 
ples. 

Percentage  of  ammoniacal  nitrogen. 

Percentage  of  moisture. 

Description 
of  sample. 

Wet  basis. 

Dry  basis. 

Aver- 
age. 

Mini- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 

mum. 

Maxi- 
mum. 

Whites 

Yolks 

Mixed  eggs... 

SecoS^rade". 
•«» 

21 

>F-vn 

?:^: 

F-m.. 
F-vm 

F-V... 

7 

10 
11 

14 

0.0004 

.0038 

.0020 
.0030 
.0023 
.0023 

.0023 

0.0002 

.0034 

.0019 
.0028 
.0017 
.0018 

.0006 

0.0006 

.0046 

.0021 
.0033 
.0027 
.0031 

.0040 

0.0081 

.0086 

.0070 
.0062 
.0071 
.0080 

.0108 

0.0016 

.0076 

.0067 
.0058 
.0053 
.0066 

.0052 

0.0046 

.0103 

.0071 
.0067 
.0082 
.0008 

.0182 

87.18 

65.87 

72.34 
51.12 
68.06 
71.24 

78.20 

87.01 

63.74 

n.02 
49.89 
67.00 
67.04 

71.79 

87.36 

57.25 

73.29 
53.07 
70.81 
72.99 

84.60 

n.  BACTERIOLOGICAL  RESULTS. 


Description  of  sample. 


Table 
No. 


Number 

of 
samples. 


Percent 

of 

samples 

wlUi 

count 

over 

5,000,000 

per 

gram. 


Number  of  organisms  per  gram. 


Average. 


Mini- 
mum. 


LIqaideggs: 
Whites.. 

Yolks... 


Whole  eggs 

Mixed  eggs. 

Soft  eggs 

Second-grade  frosen  eggs . 
Desiooated  eggs: 

Yolks 

Mixed  eggs 


21 

r2i 

[F-VII 
F-IX. 
F-III... 
F-VIII . 
F-V.... 

F-n... 

F-IV.. 


10.0 
10.71 

0 

8.83 
46.1 
92.8 

66.6 
50.4 


1220,000 
> 650,000 
1,300,000 
1,700,000 
20,000,000 
35,000,000 

41,000,000 
29,000,000 


1,000 

6,800 

840,000 

470,000 

130,000 

4,200,000 

71,000 
160,000 


7,500,000 

7,500,000 

8,500,000 
6,800,000 
80,000,000 
92,000,000 

110,000,000 
200,000,000 


1  Two  samples  with  exceptionallv  high  counts  not  included  in  this  average, 
s  Three  samples  with  exceptionally  hi^  counts  not  included  in  this  average. 
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GENERAL  SUMMARY  OF  LABORATORY  RESULTS  ON  COMMERCIAL 

SAMPLES.  1912. 

The  bacteriolofnral  and  chemical  findings  of  the  data  obtained  fcrom  commercial 
samples  of  liquid  o^  taken  in  D,  E,  and  F  honsee  durine  1912  are  snmmamed  in 
Tables  11  and  12  and  shown  graphically  in  fibres  2,  3,  and  4. 

The  average  number  of  bacteria  per  gram  m  the  whites  was  350,000,  in  the  yolka 
530,000,  and  in  the  whole  and  mixed  ecirs  1,800,000.  The  average  amount  of  ammo- 
niacal  nitrogen  on  the  dry  basis  was  0.0031  per  cent  in  the  whites,  0.0076  per  cent  in 
the  yolks,  and  0.0074  per  cent  in  the  whole  eegs. 

A  comparison  of  thew  results  shows  that  tne  average  count  of  the  whites  is  about 
half  that  of  the  yolks,  and  that  the  latter  contained  approximately  one-third  as  many 
bacteria  as  the  whole  and  mixed  eggs.  The  antiseptic  action  of  the  white  may  ex- 
plain its  lower  baiterial  content  as  compared  with  that  of  the  yolks,  whole  eggs, 
and  mixed  eggs.  It  may  bo  that  the  presence  of  soft  eggs  in  the  whole  and  mixed 
eggs  offers  also  an  explanation  of  their  nigher  bacterial  content. 

nwrnrs  ■  3so,ooo 
wu<s  ms3o,oop 
L£AM7A/s  £OSS  f^/,3oo,aao 

yi/NOL£  ANO    H  /^OOMO 
SOTTESGS    ^^^^^BO,COO.OM 


SECOND  0/?A0£  35,000,000 


TA/VA/£r/?S  7SOOOOOO 


SOGS 


Fig.  2.— Dii^Tam  showing  iworage  number  of  organisms  per  gram  in oommflrdal  w^mpl^tt taken 
in  D,  £.  and  F  bouses  in  1912. 

It  is  intorostinc:  to  note  that  the  averse  count  of  the  product  prepared  from  leaking 
epgH  is  noL  fur  diltVrcnt  from  thai  of  the  whole  and  mixed  eggs.  The  average countOT 
the  former  was  l,;i«M),()()0  and  of  the  latter  1,800,000.*  The  amount  of  chemical  de- 
composition was  no  greater  in  the  leaking  eggs  than  in  the  whole  and  mixed  egg. 

The  product  prepared  from  soft  eggs  graded  as  fit  for  food  purposes  contain^  de- 
cidedly more  ba<ieria  than  the  whole  or  mixed  egg,  but  the  amounts  of  ammoniacal 
nitrogen  in  the  two  were  not  so  very  far  apart.  TPhe  average  number  of  organisiQS 
in  the  soft  eggs  num>)ered  20,000,000  per  gram,  as  compared  with  1,800,000  in  the 
whole  and  mixed  eirg,  whereas  the  percentage  of  loosely  bound  nitrogen  averaged 
0.0080  on  the  dry  ba.sis  in  the  former  and  0.0074  in  the  latter.  The  bacteria  in  the 
soft  eggs  were  not  ])resent  in  sufficient  numbers  or  for  a  sufficient  length  of  time  to 
effect  a  decompa«dtion  of  the  egg  material. 

Ou  the  other  hand,  the  second-grade  frozen  egg  prepared  from  ^'beginning  soms," 
eggs  with  light-green  whites,  etc.,  and  the  tanners*  egg  were  not  only  heavily  in- 

1  Weighted  average  of  bacterial  content  of  wbole  and  mixed  eggs  giyen  in  Table  11. 
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fected  but  were  decomposed.  The  average  number  of  bacteria  in  the  fonner  was 
35,000,000  per  gram  and  in  the  latter  76,000,000.  The  amount  of  ammoniacal  nitrogen 
was  0.0108  per  cent  on  the  dry  baaia  in  the  second-grade  e^  and  0.0133  in  the  tanners' 
egg.  These  comparative  data,  together  with  the  practical  observations  of  the  ^gs 
used  in  Uie  former  product,  show  very  conclusively  that  second-grade  canned  or  dned 
eggs  are  unfit  for  food  purposes. 


7XO.  S^-Dtagrem  showing  percentage  of  commeFclal  samples  with  connts  over  6,000,000  per  gram 
(samples  taken  in  D,  E,  and  F  houses  during  1912) . 

As  the  houses  tinder  observation  during  1912  were  three  of  the  laigest  producers  of 
canned  and  dried  eggs  in  the  United  States,  it  is  instructive  to  compare  the  quality 
of  their  ou^ut  as  ii^cated  by  its  bacterial  content  with  that  offered  for  sale  for  food 
during  the  two  years  previous  to  the  investi^tion.  Stiles  and  Bates  found  in  a  study 
of  812  samples  of  frozen  egg  collected  from  different  sources  during  the  years  of  1909  to 

Of 

linvesti- 
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Fio.  4.— Diagram  showing  average  percentage  of  ammoniacal  nitrogen  in  oonmieroial  samples 
taken  in  I),  £,  and  F  houses  during  1912. 

The  maximum  count  in  the  three  houses  in  1912  was  11,000,000  per  gram,  while  the 
maximum  found  by  Stiles  and  Bates  was  1,180.000,000. 

The  difference  in  ttie  bacterial  contents  of  tne  samples  of  dried  egg  was  equally  as 
marked.  Stiles  and  Bates  found  that  83.3  per  cent  of  the  samples  purchased  on  the 
open  market  contained  over  10,000,000  per  gram.    Only  6.3  per  cent  of  48  samples 

>8tlleBandBate8,Biireaaof  Chemistry,  United  States  Department  of  Agrioaltare,  Bulletin  No.  158, 
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taken  in  E  house  contained  over  this  number,  while  in  F  house  55.3  per  cent  of  the 
aamples  were  in  excess  of  10,000,000. 

The  maximum  number  per  gram  found  in  the  samples  of  dried  eggs  taken  in  1912 
was  20,000,000  for  E  house  and  200,000,000  for  F  house,  and  in  the  samples  collected 
between  1909  and  1911  by  Stiles  and  Bates,  2,100^000,000.  It  is  known  in  the  case 
of  F  house  that  the  raw  material  was  of  good  quality  and  that  the  bacteria  increaaed 
during  desiccation. 

The  samples  studied  by  Stiles  and  Bates  represented  not  only  froeen  and  dried  egg 
prepared  from  good  eggs  by  the  best  methods  known  at  the  time,  but  also  products 
made  from  unfit  raw  mAtenal. 

These  comparative  data  speak  well  for  the  <][Uality  of  the  product  prepared  by  the 
new  methods  in  the  three  houses  under  investigation. 

Table  11. — General  summary  of  bacterial  counts  on  commercial  samples  taken  in  D,  E, 

and  F  houses  during  1912. 


jywotlijAkMk  of  sBinpIs* 


TibtoNo. 


Nmnber 

of 
samples. 


Percent 
ofsam* 

pOeswith 

ooonts 

over 

5,000,000 

per  gram. 


Nnmber  of  orginfams  per  gnin. 


AveragA. 


lUnfmnm. 


Liquid  eggs: 
YoDra... 


Whole  eggs 

Mixed  egg  from  D  hodse. . 
Mixed  egg  from  F  house... 
Leaking  eggs 


Soft 


D-in,17,  E- 

VLltt. 
D-III.  E-VI, 

21,F-Vn. 
B-IV,F-IX.. 
D-n.. 

F-in 


Tamiers'egg. 


leeggs. 


F-i. 

F-Vm 

F-V 

7 


2.6 

fi.56 

21.38 
0 
&83 

5.88 

4«.14 
02.8 
100.0 


1350,000 

s 580, 000 

2,700,000 
1,000,000 
1,700,000 
1,300,000 

20,000,000 
35,000,000 
70,000,000 


100 

200 

340,000 

5,100 

470,000 

500 

130,000 

4,200,000 

31,000,000 


7,500,000 

7,500,000 

11,000,000 
3,300»000 
6,800,000 
6,000,000 

80,000,000 
02,000,000 
150,000,000 


1  One  sample  with  an  exceptionally  high  ooont  not  indoded  in  this  average, 
s  Three  samples  with  exceptionally  high  counts  not  included  in  this  average. 

Table  i2.— General  summary  of  chemical  results  on  commercial  samples  taken  in  D,  E, 

and  F  houses  during  1912. 


Table  No. 

Nnm- 

Percentage  of  ammoniaoal  nitrogen. 

Percentage  of  moirt- 

Description  of 
sample. 

berof 
sam- 
pies. 

Wet  basis. 

Dry  basis. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
munL 

Aver- 
age. 

Mini- 
mum. 

Maxt- 

Aver- 
age. 

Mini- 
mum. 

Mftxi- 

ni_ 

Whites 

Yolks. 

D-m,  17,  E- 

VI,  21. 
D-III,  17,  E- 

VI.il. 

F-Vfl 

E-IV,  F-IX.. 
D-ii:. 

13 

23 

7 
43 
34 

l6 

37 

11 
14 

0 

a0004 

.0082 

.0060 
.0021 
.0020 

.0023 

.0023 
.0024 

.0041 

0.0002 

.0024 

.0028 
.0016 
.0014 

.0017 

.0013 

.0018 
.0008 

.0021 

0.0006 

.0045 

.0083 
.0024 
.0025 

.0027 

.0028 

.0031 
.0040 

.0060 

a  0081 

.0076 

.0062 
.0074 
.0067 

.0071 

.0065 

.0080 
.0108 

.0133 

a  0016 

.0054 

.0068 
.0054 
.0046 

.0063 

.0047 

.0066 

.0052 

.0074 

a0049 

.0103 

.0067 
.0087 
.0062 

.0062 

.0080 

.0008 
.0182 

.0219 

87.37 

57.88 

5L12 
72L88 
68.88 

6&06 

60.63 

7L24 
78L20 

60.08 

86.06 

53.64 

40.80 
70.23 
6&83 

67.00 

64.12 

67.04 
7L79 

66.06 

8&81 
64.06 

Sugared  yolks. 
Whole  eggs.... 
Mixed  egg  from 

D  house. 
Mixed  egg  from 

F  house. 
Leaking  eggs... 

Soft  eggs 

Second-grade 
eggs  and 
drippings. 

Tanners' egg... 

53.07 
74.17 
7L4S 

F-m 

TQlSI 

D-iv,E-vn, 

F-i. 
F-vm 

F-V 

72.83 

72.99 
84.00 

7 

7L89 

CONCLUSIONS. 

1.  Eggs  commonlv  used  for  breaking  stock  by  reputable  firms  are  small  and  oiver- 
aized  eggs,  dirty  and  cracked  eggs,  and  shrunken  egm, 

2.  In  order  to  check  deterioration,  the  eggs  should  be  held  in  chilled  surroundingB 
before  and  during  the  process  of  candling,  breaking,  and  mixing  preparatory  to  frees- 
ing  or  drying. 

3.  All  eggs,  even  diuing  the  spring  months,  should  be  candled  previous  to  breaking. 
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4.  In  order  to  insure  well-candled  eggs  soing  to  the  breaJdng  room,  the  svBtem  of 
candling  should  be  such  that  the  work  of  the  individual  candlers  is  checked. 

5.  In  order  to  prevent  waste,  the  eggs  difficult  to  grade  should  be  set  aside  by  the 
regular  candlers  to  be  recandlend  by  an  expert. 

6.  Ail  ^;s  used  in  the  preparation  of  frozen  and  dried  eggs  should  be  graded  out 
of  the  shell  as  well  as  by  the  candle,  because  certain  heavuv  infected  eggs,  such  as 
sour  eggs  and  eg^  with  green  whites,  can  only  be  detected  when  broken. 

7.  In  order  to  insure  a  good  product,  bactenal  cleanliness  and  careful  grading  must 
be  obtained  during  the  process  of  preparation. 

8.  The  fingers  of  the  breakers  should  be  kept  dry  and  clean. 

9.  In  order  to  prevent  waste  and  to  insiure  gooa  grading,  not  more  than  three  eggs 
flihould  be  broken  into  a  cup  before  emptying. 

10.  Good  eggs  should  not  be  saved  when  a  oad  egg  has  been  broken  into  a  cup  with 
them. 

11.  White  and  yolk  are  contaminated  less  by  the  mechanical  than  the  shell  method 
of  separation.    Only  clean  eggs  should  be  separated  by  the  latter  process. 

12.  The  percentage  of  ''rots  **  rejected  on  candling  and  the  organisms  in  the  liquid 
egg  saved  increases  as  the  season  advances. 

13.  Canned  eggs  with  the  majority  of  samples  having  counts  of  less  than  5,000,000 
bacteria  per  gram,  and  with  100,000  B.  coli  or  less  can  oe  prepared  in  the  producing 
section  from  regular  breaking  stock,  provided  strict  cleanliness  and  careful  jnading  have 
been  observed.  The  ammoniacal  nitrogen  will  very  seldom  be  over  0.00Z4  ont&e  wet 
basis  or  0.0087  on  the  dry  basis. 

14.  A  second-grade  frozen  product  prepared  from  eggs  showing  incipient  decompo- 
mtion  to  the  senses,  such  as  ^'be^^inmng  sours''  and  eezs  with  green  whites,  are  not 
only  heavily  infected  but  chemically  decomposed.  These  eggs  are  unfit  for  food 
purposes. 

15.  Only  two  grades  of  canned  eggs  should  be  prepared  when  grading  eggs  out  of 
the  shell,  namely,  food  egg  and  tanners'  ege. 

16.  Leaking  eggs  handled  on  special  traysbetween  candling  and  breaking  room  and 
g;raded  carefully  are  as  fit  for  breaking  as  regular  breaking  stock. 

17.  Tanners'  egg  contains  markedly  larger  numbers  of  bacteria  and  larger  amounts 
of  ammoniacal  nitrog;en  than  does  food  egg. 

^  18.  The  control  of  the  supply  of  air  todryinji;  belts  to  prevent  saturation  from  the 
liquid  egg  is  an  important  mctor  in  preventing  multiplication  of  bacteria  in  the 
product  duiing  the  process  of  desiccation. 

19.  The  amoimt  of  ammoniacal  nitrogen  in  desiccated  e^  is  not  a  reliable  index 
to  the  <iuality  of  the  raw  material  from  which  it  is  prepared,  oecause  this  substance  is 
volatilized  unevenly  during  the  process  of  desiccation. 

20.  The  following  eggs  should  be  discarded  during  grading:  Black,  white,  mixed 
and  sour  rots,  eggs  with  green  whites,  e^gs  with  stuck  yolks,  musty  eggs,  moldy  eggs, 
''blood  rings,"  eggs  containing  diffuse  blood,  and  eggs  with  abnormidoaor. 

GLOSSARY. 

''Seconds"  are  small  and  oversized  eggs,  dirty  eggs,  and  shrunken  eggs. 

"Leakers"  are  e^  with  shell  and  inner  membranes  broken. 

A  "blood  ring"  is  a  fertile  egg  in  which  the  embryo  has  developed  sufficiently  to 
flihow  blood.  ^ 

A  soft  egg  is  an  egg  the  yolk  of  which  appears  whole  before  the  candle,  but  breaks 
when  opened. 

A  "strong-odor"  egg  is  an  e^  which  has  an  eggy  odor. 

An  "off '"^  is  an  eg^  which  has  a  slightly  abnormal  odor. 

A  "beginning  sour"  is  an  egg  showing  the  first  signs  of  the  odor  characteristic  of 
Boure^. 

"Mixed  egg  "  is  a  product  prepared  by  adding  yolks  to  whole  egg. 

"Drip"  is  the  liquid  e^,  mostly  white,  which  collects  in  the  bottom  of  the  break- 
ing tray  while  eggs  are  beln^  broken. 

Second-grade  egg  is  a  product  prepared  from  "drip"  and  incipient  forms  of  deteri- 
orated eggs,  such  as  "beginning  sours,"  eggs  with  light-green  whites j  etc. 

"Tanners'  egg"  is  a  product  made  from  the  rejects  of  the  candling  and  breakrng 
rooms,  minus  ^;g8  with  a  bad  odor.  It  is  used,  as  the  name  implies,  for  tanning 
leather. 

"Flaky  egg,"  as  opposed  to  "wet  lumps,"  is  the  more  thoroughly  dried  portion  of 
6gg  coming  nom  the  cuying  belts. 

A  "chmn"  ii  a  device  tot  breaking  yolks  and  for  mixing  yolk  and  whole  egg 
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DETAILS  OF  EXPERIMENTS  IN  EACH  COOPERATING  HOUSE,  1911  AND 

1912. 

GONDmONS  OBSERYED  IN  B  HOUSE  IN  1911. 


The  Breaking  Room. 

In  B  house  a  small  room,  about  12  by  12  feet,  constructed  entirely  of  concrete, 
screened,  and  on  the  fourth  floor  of  a  modem  creamery,  was  set  aside  for  egg  break- 
ing.   It  was  not  refrigerated.    It  ¥ras  clean. 

The  table  used  in  this  house  is  shown  in  figure  5.  It  was  covered  with  zinc,  had  a 
shelf  at  the  side  to  support  the  egg  case,  and  a  hole  in  the  middle  of  the  table  tfaroueh 
which  the  shells  were  thrown  into  a  bucket  below.  At  the  back  of  the  table,  to  tne 
left  of  the  breaker,  stood  a  pail  of  water.  This  was  used  to  wash  the  saucer  and  the 
hands  of  the  breaker  after  a  bad  e^.  The  saucer  was  not  dried,  conseauently  it 
carried  water  to  the  shelf  on  which  it  rested,  keeping  the  latter  continually  sloppy . 
and  occasionally  drops  fell  into  the  containers  oelow.  One  saucer  only  was  pro- 
vided, hence  it  was  in  constant  use.  This  type  of  breaking  outfit  was  seen  m  a 
number  of  establishments. 


Fio.  5.— Table  and  breaking  outfit  (B  house,  1911). 

The  eg^  in  this  house  were  separated  by  the  shell  method  when  whites  and  yolks 
were  desired;  whole  eg^  went  into  the  saucer.  In  the  shell-separating  method — 
that  is,  the  usual  housewifely  fashion  of  tipping  the  ^  back  and  forth  until  the  white 
is  drained  off— the  white  ran  into  a  saucer,  the  yolkwas  dumped  into  a  small  yolk 
bucket,  and  the  white  from  the  saucer  into  its  bucket.  The  whites  were  collected 
in  container  of  vaxioaB  aiaee,  accofdbg  to  the  wishes  of  the  trade,  and  stored  at  one 
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aide  of  the  room  from  the  beginning  of  the  work  in  the  morning  untQ  noontime,  when 
it  was  removed  to  the  freezer;  ana  a^in,  from  the  beginning  of  the  afternoon  until 
the  close  of  the  day,  when  a  second  tnp  was  made  to  the  freezer. 

The  yolks  were  put  into  a  40-quart  milk  can.  This  at  noontime  and  again  at  night 
was  emptied  into  a  large  straight-sided  can  provided  with  an  ordinary  creamery  fau- 
cet. Tne  yolk  was  poured  into  this  chum  through  a  lar^  mesh  wire  sieve  to  remove 
scraps  of  eggshell.  It  was  then  stirred  with  a  paddle  in  the  chum  until  ^e  yolks 
were  thoroughly  broken  and  mixed,  or  the  whites  and  yolks  of  the  whole  eggs  made 
into  a  uniform  liquid.  The  containers  were  then  placed  below  the  faucet  of  the 
chum  and  the  egg  run  into  them.  The  chum  was  washed  at  noontime  after  it  was 
used  and  again  at  night. 

The  eges  were  chiUed  before  breakinfi;,  but  their  long  wait  after  removal  from  the 
shell  in  tnis  hot  room  effectually  undia  the  good  whicn  previous  chilling  does  to  a 
perishable  product. 

Sources  of  Bactebial  Contamination. 

In  order  to  determine  the  bacterial  cleanliness  of  this  method  and  equipment,  each 
obvious  factor  was  tested  by  laboratory  methods  for  the  amoimt  of  contamination. 

Plate  I,  figure  1,  represents  the  number  of  colonies  which  developed  on  a  4-inch 
petri  plate  fiom  one  drop  of  water  taken  from  the  saucer  after  throwing  away  a  bad  cjgg 
and  washing  in  running  hot  water.  It  is  obvious,  from  the  large  number  of  colonies 
developing,  that  this  method  of  cleaning  the  receiver  is  not  sufficient  to  remove  the 
organisms  furnished  bv  the  undesirable  egg.  Plate  I,  figure  2,  shows  the  number  of 
bacteria  in  one  drop  of  water  which  had  collected  on  the  shelf  holding  the  wet  saucer. 
Here,  again,  is  a  rich  source  of  bacterial  contamination  of  the  final  product.  As  one 
would  expect,  there  are  many  more  organisms  in  this  drop  of  drip  than  were  obtained 
from  the  saucer  itself. 

The  picture  of  the  breaking  eauipment  shows  a  shallow  metal  tray  that  was  placed 
under  the  egg  pails  for  the  sake  of  cleanliness.  This  tray  gradually  collected  drippings 
of  water  from  the  saucer  and  its  shelf  and  of  egg  which  ran  down  the  sides  of  the  paus 
when  their  contents  were  emptied  into  the  nnlk  can;  conseauently,  there  were  even 
more  organisms  in  the  liquid  that  accumulated  in  the  tray  tnan  there  were  on  either 
the  saucer  or  the  shelf,  and  when  the  pails  were  emptied  this  liqiud  sometimes  dropped 
into  the  final  receiver.  One  drop  of  it  was  examined  with  the  result  shown  in  Plate  I, 
figure  3.  The  organisms  as  they  developed  on  a  4-inch  petri  plate  were  so  numerous 
that  it  was  impossible  to  distinguish  them  as  individual  colonies.  Each  step  of  this 
process  added  more  and  more  bacteria  to  the  product,  though  as  carried  out  it  was 
even  cleaner  than  the  usual  kitchen  methods.  The  breaker  had  no  means  of  detecting 
either  the  source  or  the  amount  of  the  infection  that  his  routine  caused. 

The  bacteria  on  finger  tips  wet  wil^  egg  are  shown  in  Plate  I,  figure  4.  To  obtain 
this  pre])aration,  the  breaker  touched  her  five  wet  finger  tips  against  the  bottom  of  a 
dry,  sterile  petri  plate.  Agar  was  then  poured  in,  shaken  to  distribute  the  organisms 
evenly,  ana  incuoation  albwed  to  proceed.  The  results  indicate  that  the  hands  of 
the  egg  breaker  are  also  a  source  of  infection  which,  if  possible,  must  be  overcome. 

GOMPABISON  OF  THB  COMMERCIAL  PRODUCT  WITH  EXPERIMENTAL  SaMFLES. 

This  house  did  not  buy  eggs  especiallv  for  breaking,  but  used  breaking  stock  sorted 
from  their  current  receipts.  The  supply  of  eggs  soing  to  the  breaker  while  the  house 
was  under  observation  was  of  exceptionally  gooa  quality.  The  bacterial  coimt  and 
chemical  analysis  of  eifi^t  samples,  including  whole  egg,  volks  and  whites,  are  nven 
in  Table  13,  Part  I.  The  odor  and  appearance  of  all  tne  samples  were  excellent. 
The  amoimt  of  loosely  bound  nitrogen  is  low,  indicating  that,  in  the  shell  at  least, 
^e  eggs  were  of  good  quality.  But  the  number  of  bacteria  in  the  final  product 
shows  a  wide  variation,  which  can  not,  apparently,  be  attributed  to  the  eggs.  The 
minimum  count  for  e^  white  is  less  than  1,000,  and  the  maximum  is  6,500,000  per 
gram;  the  minimum  for  yolks  is  2,000,000  and  the  maximum  is  4,800,000  per  gram. 
The  number  of  presumptive  B.  coli  varied  from  100  to  100,000  per  gram. 

An  effort  was  made  to  eliminate  the  sources  of  contamination  already  described  by 
modifying  the  equipment  and  more  effectually  cleanin£[  the  apparatus  soiled  by  ega 
that  were  discardea.  Instead  of  the  apparatus  in  use  m  this  nouse,  there  was  sub- 
stituted the  breaking  outfit  pictured  and  described  on  page  11  of  Circular  98,  Bureau 
of  Chemistry,  United  States  Department  of  Agriculture.  TravB  holding  pails  for 
liquid  egg  were  discarded.  Tissue  paper  was  provided  on  which  to  dry  finger  tips. 
Pails  and  cans,  such  as  were  commonly  used,  were  retained;  but  all  were  washed  in 
water  at  160^  F.  and  held  in  that  water  for  five  minutes  or  steamed. 
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There  were  a  sufficient  number  of  knives  ana  sherbet  cups  to  permit  each  soiled 
piece  to  be  sterilized  for  fifteen  minutes  before  being  again  put  into  service.  The 
apparatus  was  considered  soiled  as  soon  as  it  had  come  into  contact  with  an  egg 
that  had  to  be  discarded.  Current  breaking  stock  furnished  the  eges.  The  results^ 
the  laboratory  examination  of  the  experimentally  prepared  pn^uct  are  shown  in 
Part  II  of  Table  13.  In  order  to  comprehend  their  true  significance,  the  bacterial 
findings  obtained  must  be  compared  with  those  found  in  comm^dal  sample  No.  455. 
The  eggs  used  in  these  two  series  were  not  only  from  the  same  lot  but  from  the  same 
cases,  the  experimental  samples  coming  from  one  side  and  the  commercial  samples 
being  taken  from  the  other,  m  the  routine  &shion  of  the  house.  Tlieir  similarity^ is 
further  confirmed  by  the  diemical  analvses,  which  are  practically  identical.  The 
number  of  bacteria  in  the  experimental  samples  are  imiformly  less  than  1,000  per 
gram,  and  the  oi^^misms  of  the  coli  {pcoup  are  greatly  reduced  in  number,  not  exceedmg 
100  per  gram,  while  the  corre^)onding  ngures  for  the  commercial  sample  are  4,300,000 
bacteria  and  100,000  B.  coli,  •>  ^ 

Part  III  of  Table  13  gives  the  results  obtained  when  the  equipment  was  washed 
and  held  in  hot  water  at  160^  F.  before  use.  When  contaminated  D^j[  a  bad  egg  it  was 
not  used  again  until  it  had  been  washed  and  sterilized .  The  finger  tips  were  kept  dry 
as  before.  The  number  of  bacteria  per  gram  is,  practically  speaking,  reduced  to  a 
negligible  quantity,  and  the  presumptive  ooli  organisms  are  also  practically  excluded. 
To  emphasize  what  such  cleuiliness  means  the  counts  should  be  compared  with  the 
commercial  samples  Nos.  459-461 .  Here  again  the  bacteria  per  gram  ran  over  4,000,000 
in  the  case  of  the  yolks,  and  the  B.  coli  ran  as  hi^  as  100,000.  These  eggs,  as  before, 
were  from  the  opposite  half  of  the  cases  furnishing  the  experimental  samples.  Such  ' 
a  demonstration,  confirmed  by  many  others,  showed  that  the  best  of  eggs,  if  handled 
in  dirty  utensils,  would  give  a  product  containing  many  bacteria. 

GONDmONS  OBSERVED  IN  C  HOUSE  IN  1911. 

The  equipment  used  in  C  house  in  the  preparation  of  the  egg  for  freezing  was  alse 
of  interest,  because  it  varied  in  character  for  almost  every  breaker.  The  fancies  of 
the  individual  girls  were  more  apt  to  determine  the  kind  of  utensils  used  thaji  any 
experienced  judgment  concerning  fitness  for  the  work  to  be  done.  Sometimes  20 
girls  were  employed,  but  t^ere  was  no  discipline.  The  forewoman  was  the  social 
associate  of  the  girls,  and  many  were  the  interruptions  while  town  doings  were  dis- 
cussed. The  whole  atmosphere  of  the  breaking  room  was  one  of  easy-going  self 
satisfotction. 

The  BRBAEiNa  Rooic  and  Eqttipmbnt. 

The  egg-breaking  room  was  long  and  narrow.  Two  windows  on  the  outer  side  wall 
were  screened,  as  was  also  the  door.  The  floor  was  of  wood  for  rather  more  than  half 
its  length,  the  balance  being  of  concrete  and  slightly  lower  in  level. 

A  long  table  made  of  wood  and  covered  with  zinc  stretched  from  end  to  end  of  the 
room.  At  this  table,  facing  the  light,  the  girls  sat.  About  18  inches  above  the  table 
and  running  along  the  wall  and  across  the  windows  was  a  galvanized-iron  gutter  about 
5  inches  in  diameter  and  about  2  inches  deep .  Over  this  were  water  faucets  so  placed 
that  they  could  be  reached  without  the  girls  leaving  their  seats,  and  in  this  stream  of 
cold  water  the  girls  rinsed  fingers  and  utensils.  About  half  way  down  the  room, 
breaking  the  table  line,*  was  a  wooden  trough  supplied  with  hot  and  cold  water  ana 
used  for  the  general  cleaning  and  washing. 

At  the  two  ends  of  the  room  were  large  galvanized-iron  cans,  supplied  with  stirrers 
and  creamery  faucets  and  called  chums.  In  these  the  eggs  were  mixed  before  being 
put  into  theu:  final  carriers. 

The  girls  were  using  heavy  walled  glass  tumblers,  tin  cups,  agateware  cups,  sherbet 
glasses,  and  ordinary  china  teacups,  depending  entirely  upon  the  preference  of  the 
worker  and  the  receptacle  available.  Each  girl  had  a  small  tray-— tin,  agate,  or 
black  japanned  ware — on  which  she  placed  the  egg  receptacles.  She  also  had  a 
sroup  of  agateware  buckets,  holding  about  3  quarts  each,  into  which  she  emptied 
her  smaller  receivers.  These  buckets  were  dumped  into  the  chums,  or,  in  the  case 
of  egg  white,  directly  into  30-pound  pails,  in  which  they  were  frozen.  When  the 
study  of  0  house  was  made  it  was  putting  out  egg  white,  egg  yolk  (su^nred  and  un- 
sugared),  and  a  first,  second,  and  third  grade  of  wl^e  egg.  The  third  gaSie  was  known 
M^'tanners'/'  and  was  not  for  food  purposes. 
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RounNB  OF  Egg  Breaking. 

All  the  eggs  coming  to  the  breaking  room  were  candled,  but  the  candlers  were  apt 
to  put  in  doiH>tful  eggs  for  the  breakers  to  grade,  rather  than  take  the  time  and  trouble 
to  decide  in  the  candling  room  whether  mey  were  or  were  not  fit  for  food.  All  the 
eggs  were  chilled,  but  the  breaking  room  was  not,  hence  there  was  a  profuse  sweating 
oFahells  during  much  of  the  egg-breaking  season. 

The  girls  removed  the  fillers  and  flats,  lajrer  by  layer,  as  they  reached  them,  and 
took  several  em  at  one  time,  holding  them  in  the  right  hand,  and  puddng  up  one  at 
a  time  for  sheU  cracking  and  empl^dng.  Of  coxirse,  dirty  eggs,  sw^Ming  also,  imme- 
diately resulted  in  badly  soilea  nands.  The  egm  w^re  cracked  on  the  edge  of  a 
cup,  glass,  or  whatever  type  of  receptacle  the  bres£er  happened  to  have.  GeneraUy, 
it  was  not  suited  to  cracidng  an  eg^  because  it  mashed  and  splintered  the  slieOa 
instead  of  making  a  clean  cut.  Having  cracked  the  shell,  the  girl  was  supposed  to 
hold  it  over  the  glass  and  determine,  by  tne  appearance  of  the  egg  at  the  crack,  whether 
it  could  or  could  not  be  separated  into  white  and  yolk,  or  to  which  grade  of  egg  it 
belonged.  If  it  could  be  separated,  the  white  was  drained  off,  housewife  fashioxi. 
into  one  receptacle,  and  the  yolk  dropped  into  another.  If  the  egg  was  too  ''soft'^ 
to  separate,  but  odorless,  it  went  into  nrst-grade  whde  eggs.  If  it  was  a  little  **off, " 
or  "strong,"  or  a  "beginning  sour,*'  it  went  into  second-grade  whole  eggs.  The  tan- 
ners' egg  was  composed  of  white  rots,  which  were  not  too  malodorous,  musty  eggs, 
moldy  eggs,  eggs  with  a  bloody  white,  and  blood-ring  eggs. 

The  forewoman  gave  some  instructions  regarding  the  grading  of  eggs  by  appearance, 

'  odor,  taste,  etc.    In  practice,  every  girl  graded  according  to  her  own  sweet  will. 

Hence,  the  output  of  Uie  different  breakers  was  very  uneven.    In  the  long  run, 

judging  bv  observation,  about  as  many  firsts  went  into  seconds  as  there  were  eeconds 

put  into  firsts. 

When  some  of  the  egg  yolk,  during  the  process  of  separation,  ran  into  the  tumbler 
of  egg  white,  it  was  fished  out  by  means  of  a  spoon,  or,  more  commonlv,  by  a  piece  of 
egg^ell.  If  an  objectionable  yolk  got  into  the  yolk  cup,  or  some  or  a  bad  ^g  into 
a  food-egg  ptuie.  the  entire  contents  of  the  receptacle  was  supposed  to  go  into  the 
bucket  indicated  by  the  character  of  the  egg  last  entering.  In  practice,  however, 
the  breaker  used  a  spoon  or  an  egg  shell  to  take  out  as  much  of  the  objectionable  egg 
as  she  could  see  and  quite  disr^;arded  its  presence  when  grading.  The  remnants  left 
were  a  fine  source  of  contamination  and  foci  for  bacterial  troubles  later  on.  The  girls 
in  0  house  used  cups  and  tumblers  large  enough  to  hold  bom  6  to  10  eg^.  Many 
times  it  was  the  last  egg  required  to  fill  the  vessel  that  was  off  grade.  The  instinctive 
desire  on  the  part  of  the  br^er  to  procure  as  much  high-grade  product  for  her 
employer  as  possible,  and  her  reluctance  to  sweU  the  amount  in  her  tanners'  bucket, 
will  override  all  instructions  forbidding  the  removal  of  objectionable  eggs  as  juat 
described.  The  only  way  to  overcome  the  habit  is  to  have  the  first  receiver  so  small 
tiiat  it  cannot  accommodate  more  than  two  or  three  eggs. 

Cleanliness. 

The  problem  of  cleanliness  assumed  a  different  aspect  in  G  house,  because  of  ^be 
running  cold  water  to  which  every  girl  had  easy  access.  Laboratory  methods  were 
called  in  to  determine  the  efficacy  offrequent  rinsing  in  cold  water  with  the  supple- 
mentary cleaning  in  hot  water  twice  a  day  in  removing  the  bacteria  of  the  objee- 
tionable  egg,  or  other  dirt,  from  hands  and  utensils. 

At  noontime,  after  the  usual  cleaning  in  hot  water,  a  number  of  the  cups,  tumblers, 
etc.,  were  tested  for  bacterial  contamination.  In  every  case,  abundant  evidence  ot 
insufficient  cleansing  was  observed.  Plate  II,  figure  1,  shows  the  growth  resultii^ 
when  the  edge  of  a  tumbler  was  just  touched  against  a  sterile  agar  film  on  a  petn 
plate. 

To  gain  some  idea  of  the  number  of  organisms  adhering  to  the  vessels,  a  drop  of 
water  from  each  of  a  number  of  tumblers  was  plated  as  is  customary  when  colonieB 
are  to  be  counted.  A  glass  which  had  received  yolks  gave  an  average  of  630  organlams 
to  the  drop:  one  that  had  been  used  for  whites  gave  570;  the  g^lass  that  had  received 
the  tanners  ^g  ffave  5,900  per  drop.  That  the  pails  into  which  the  em  were  first 
emptied  were  prolific  carriers  of  organisms  was  also  proved.  Plating  in  this  case  gave 
2,600,000  per  cc,  equivalent  to  20  drops.  That  mote  bacteria  would  adhere  to  the 
agateware  pails  than  to  china  or  glass  cups  was  to  be  expected,  because  of  the  greater 
roughness  of  the  former. 

It  was  desirable,  also,  to  determine  to  what  extent  the  fingers  of  these  girls  passed 
on  the  bacteria  of  rejected  eggs  to  those  that  had  but  few.    Plate  II,  figiue  2,  abowa 
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the  niimber  of  colonies  which  developed  when  a  sterile  petri  plate  was  touched  with 
the  tips  of  five  fingers  that  had  just  oeen  washed  because  they  were  wet  with  ^g — 
but  not  with  objectionable  effi.  For  comparison  with  this,  Plate  II,  figure  Si  ia 
given.  Here  we  nave  the  result  of  breaking  a  tanners'  egg.  Even  though  the  hands 
were  washed  in  running  cold  water,  the  mere  touch  of  finger  tips  gave  so  many  colo- 
nies that  they  were  innumerable. 

The  lessons  here  are  quite  plain.  First,  ordinary  washing  of  either  hands  or  utensils 
is  not  sufficient  to  keep  them,  bacteriaUy,  fit  for  egg  breaking;  and,  second,  when  bad 
eggs,  unfit  for  food,  are  broken  the  removal  of  the  hordes  of  bacteria  which  they  carry 
becomes  an  extremely  difficult  task. 

Ck>MPABISON   OF  THE  COMMERCIAL  PBODUCT  WTTH  EXPERIMENTAL  SAMPLES. 

A  number  of  samples  of  the  product  of  C  house  were  taken  during  the  months  of 
Jnly  and  August,  1911.  The  bacterial  content  of  the  whites  were,  on  the  whole,  the 
lowest;  yolk  was  considerably  higher,  and  the  whole  egg  tiie  highest.  The  greater 
number  of  the  routine  samples  of  whole  egg  were  of  the  second  grade.  (See  Table 
C-I,  Appendix,  p.  64.)  It  will  also  be  seen  that  some  of  the  so-called  second-grade 
egg  is  of  quite  as  good,  if  not  better,  quality  than  the  first  grade — a  result  which 
was  to  be  expected  from  the  loose  methods  of  grading. 

The  glass  cups,  adjustable  knives,  and  wire-screened  tray,  described  on  page  11  of 
Girctilar  98,  were  taken  to  C  house  in  order  to  determine  the  character  of  the  eggs  used 
as  indicated  by  cleanly  methods  of  handling.  A  supply  of  live  steam  in  a  near-by 
creameiy  was  utilized  to  sterilize  the  apparatus.  Part  I  of  Table  14  shows  the  results 
obtained  from  eg^  with  cracked  shells,  when  sterilized  apparatus  was  used,  and, 
under  *' Commercial  samples"  are  shown  similar  eggs  broken  in  very  cleanly  fashion 
in  the  apparatus  belonging  to  the  house.  The  second-ffrade,  commercial,  whole  ^gg  is 
decidedly  richer  in  oigamsms  than  is  the  first-grade  i^ole  e^  (9,200,000  in  one  case 
and  4,900,000  in  the  other),  but  because  the  number  of  sampks  is  so  small  but  little 
stress  can  be  laid  on  the  findings.  The  higher  bacterial  count  for  the  first-grade  whole 
^gg  of  the  experimental  samples  is  probaoly  due  to  the  fact  that  soft  e^  without 
bad  odor  but  which  would  not  separate  were  used^-an  interesting  side  light  on  the 
results  of  errors  in  grading.  Considering  the  whites  and  yolks  only,  the  count  of  the 
commercial  samples  varied  from  310,000  per  gram  in  the  white  to  1^600,000  in  the 
yolk,  as  compared  with  810,000  and  770,000  in  the  experimental  series.  When  the 
experiment  was  repeated,  using  seconds  with  sound  shells  instead  of  cracked  eggs, 
all  the  bacterial  counts  were  decidedly  lower. 
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GONDinONS  OBSERYED  IN  B  HOUSE  DURING  TWO  CONSBCUnYB  TEAR& 

SSASON   OF  1911. 

This  firm  erected  a  building  a  few  years  ago  especially  to  put  up  evaporated  egss. 
Refrigeration  was  installed,  but  the  business  soon  outgrew  the  supply.  However,  Uie 
^ggs  were  put  into  the  chill  room  as  soon  as  received,  and  usually  they  were  candled  24 
hours  later. 

THE  BRBAKIKO  ROOM. 

The  room  in  which  the  eggs  were  broken  was  about  75  feet  long,  27  feet  wide,  and 
11  feet  high,  and  was  on  the  second  floor.  It  opened  at  one  end  into  a  room  where 
the  finished  product  was  being  put  into  packages  and  at  the  other  into  a  small  room 
where  the  lic^uid  egg  was  held  in  a  creamery  tank,  cooled  by  a  brine-chilled  stirring 
machine  until  it  was  needed  to  replenish  the  supply  going  to  the  drying  belts.  The 
temperature  in  the  drying  room  was  often  110^  F.  or  more.  Wood  partitions  sepa- 
rated the  drying  from  the  breaking  room;  hence  it  was  impossible  to  Jceep  the  latter 
cool. 

The  outer  wall  of  the  breaking  room  was  brick;  the  partition  walls  were  of  wood. 
A  TOW  of  windows,  high  up,  were  always  wide  open  for  light  and  air.  The  ceUing  was 
high,  and  with  open  beams.  The  floors  had  calked  seams,  such  as  are  used  in  meat- 
paclsing  houses.    The  breakinc;  room  is  pictured  in  Plate  IV. 

At  one  end  of  the  room  was  a  long  sink  with  hot  and  cold  water,  where  all  the  utensils 
were  washed.  Tables  extended  along  eadi  side  of  the  room.  These  were  covered 
with  zinc  and  supported  the  cases  of  ^gs  and  individual  breaking  equipment.  The 
Qggs  were  broken  on  an  apparatus  (PI.  Ix7fig.  2)  consisting  of  a  wedge-shaped  knife  sup- 
ported on  a  half-inch  iron  pipe  which  was  screwed  by  a  flange  to  the  table  top.  A 
tunnel-shaped  metal  collar  surrounded  the  knife  and  discharged  the  leakage  from  the 
egss  into  tne  shell  tubs.  This  collar  was  added  late  in  the  season  and  served  to  keep 
tables  and  floors  far  cleaner  than  they  had  previously  been.  There  was  still,  how- 
ever, a  ^eat  waste  of  egg  from  leakage. 

The  girls  broke  from  13  to  24  e^  a  minute.  As  it  is  hnpossible  to  grade  at  this  rate, 
good  eggs  were  sometimes  discarded  and  bad  eggs  were  sometimes  used. 

The  number  of  bad  eggs  going  to  the  breakers  was  unnecessarily  Increased  because 
the  candling  was  not  accurate.  The  candlers  simplv  '*  flashed  "  eggs  in  front  of  the 
light  and  threw  them,  pell-mell,  into  the  cases,  so  that  a  large  number  of  eggs  with 
sound  shells  were  made  into  cracked  eggs  and  those  with  cracked  shells  were  wrecked. 
The  extra  work  and  unnecessary  loss  that  such  poor  candling  entailed  in  the  breaking 
room  was  shown,  for  example,  by  one  breaker  who  found  9  bad  eggs  in  one  case.  These 
she  threw  away  and  with  them  24  good  ones.  She  also  made  nine  trips  the  entire  leiu^ 
of  the  room,  to  get  clean  pans,  since  instructions  were  to  take  a  pan  to  be  washed  atter 
it  had  received  a  tanners'  egg. 

The  liquid  egg  was  collected  in  buckets.  Those,  in  turn,  were  emptied  into  a 
large  chum  through  a  wire  screen.  Rubber  hose  led  from  the  chum  to  the  long 
creamery  tank  before  mentioned.  This  hose  was  dirty  and  could  not  be  cleaned.  It 
was  replaced  by  sanitary  piping,  which  permitted  of  sterilization  in  every  part,  just  as 
soon  as  the  actual  condition  of  the  rubber  hose  was  made  known  to  the  management. 

From  the  tanks  the  ^g  was  led  by  a  gate  valve  into  buckets;  the  buckets  were 
carried  to  galvanized-iron  tanks  which  supplied  the  feeding  trough  of  drying  machines 
of  the  belt  type.  The  belt  was  constmcted  in  the  usual  way.  The  temperature  was 
about  160^  F.,  and  the  time  required  was  from  one  to  one  and  one-half  hours  for  one 
run.  Flaky  eeg  was  the  result.  It  was  put  up  generally  in  barrels,  or  in  small  tin 
cans,  for  household  use.  Two  grades  were  made — one  for  food  purposes,  the  other  for 
tanning  leather. 

SOUBCBS  OF  BACTERIAL  CONTAMINATION. 

Observation  would  indicate  that  the  method  of  cleaning  utensils  in  use  in  E  house 
failed  to  cleanse,  bacteriolop;ically  speaking.  The  facts  that  the  laboratory  revealed 
are  indicated  in  Plate  III,  figures  1,  2,  and  8.  The  importance  of  the  findings  in  rela- 
tion to  the  bacterial  content  of  the  product  is  emphasized  by  the  fact  that  the  tests 
were  made  at  noontime,  when  an  especially  thorough  washing  was  given  to  insure 
deuiliness  during  the  afternoon. 

The  breakers  paid  no  attention  to  cleanliness  of  hands,  so  far  as  the  ^g  itself  was 
concerned.  Their  hands  were  constantly  wet  with  good  qgg,  and  bad  anodirty  shells 
were  handled  r^;ardlesBly. 
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Touching  the  tips  of  such  fingers  very  lightly  against  a  petri  plate  containing  agar 
showed  that  their  hands  were  far  from  clean,  as  is  seen  in  Plate  III,  figure  4.  The 
growth  on  the  plate  itself  was  shown  the  girls  and  was  a  revelation  to  them. 

The  lack  of  knowU^ilii^e  of  the  fundamentals  of  bacterial  cleanliness  is  perfectly 
apparent  from  the  efforts  of  the  management  to  conduct  their  business  in  a  cleanly 
faflnion.  The  other  appliances  coming  in  contact  with  the  liouid  egg  were  just  as  ifi 
Buitetl,  bacteriologicallv  speaking,  to  the  work  they  had  to  ao,  yet  every  effort  was 
bein^j;  made,  so  far  as  the  knowletlge  of  those  in  charge  went,  to  throw  away  bad  eggs 
and  to  put  out  only  a  hi^h-class  product. 

COMPARISON    OF  COMMERCIAL   PRODUCT  WITH   EXPERIMENTAL  SAMPLES. 

Table  15  gives  the  laborator>r  findings  on  the  liquid  egg  prepared  under  the  con- 
ditions just  described.  The  minimum  number  of  organisms  obtained  was  3,300,000 
per  jp*am;  the  maximum  was  23,000,000.  The  number  of  gas  producers  in  lactoee  bile 
medium  ran  from  100,000  to  at  least  1,000.000.  In  many  cases  these  results  are  too  low, 
because  dilutions  were  not  made  in  sufficient  number  to  estimate  higher  counts.  The 
loosely  bound  nitrogen,  calculated  on  the  fresh  material,  was  from  0.0020  to  0.0030  per 
cent. 

All  these  samples  were  intended  for  human  food.  The  tanners'  ecg  which  was  being 
made  is  shown  in  samples  Nos.  327  and  484.  There  is  a  noteworffiy  leap  upward  in 
both  bacterial  content  and  loosely  bound  nitrogen. 

This  series  of  examinations  in  Table  15  does  more  than  give  the  condition  of  the 
final  product  in  that  it  illustrates  to  a  certain  extent  how  the  organisms  increased  as 
the  egg  went  from  one  container  to  another.  The  first  of  each  of  the  paired  exami- 
nations reprepenta  egg  which  had  been  in  contact  with  the  hands  of  the  breaker,  the 
knife  blade,  the  little  agateware  pan,  and  the  agateware  bucket.  Tlie  second  sample 
represents  the  same  ei:^  after  it  had  been  strained,  thoroughly  churned  to  mix  white 
and  yolk,  and  allowed  to  piLss  through  the  rubber  hose  for  storage  in  the  lar^  tank. 

Part  II  of  Table  15  traces  the  liouid  egg  from  the  storage  ta^  to  the  diying  belt 
and  gives  the  final  outcome  after  all  the  manipulations.  During  the  di^ng  process 
the  water  content  of  the  liquid  e^g  is  reduced  to  one-third  or  less  ofits  original  amount. 
Likewise  the  number  of  organisms  is  reduced,  though  not  in  such  marked  propor- 
tion. It  must  be  remembered  that  bakers  dissolve  this  dried  egg  in  water;  nence, 
on  the  liquid  basis  it  would  have  only  about  one-third  as  many  organisms  per  gram 
as  are  shown  on  the  drv  basis.  The  lowest  bacterial  count  for  the  dried  egg  was 
found  to  be  3,7(X),000,  the  highest  17,000,000,  with  an  average  of  9,200,000  per  gram. 
The  loosely  bound  nitrogen  in  the  dried  product  is  considerably  less  than  in  the 
liquid  eg^.  Undoubtedly  some  of  this  form  of  nitrogen  is  driven  off  by  the  heat  and 
aeration  in  the  process  of  drying;  therefore  this  substance  can  not  be  taken  as  an 
index  of  quality  on  the  same  basis  as  in  the  liquid  product. 

In  order  to  determine  the  effect  of  breaking  the  same  eggs  that  were  being  used  in 
E  house,  in  what  might  be  termed  an  approximately  bacterially  clean  fashion,  the 
experiments  reported  in  Table  16  were  made.  The  apparatus  used  for  this  purpose 
w;uM  that  d<*.s(ril)ed  on  page  27.  It  was  cleaned  by  wasning  in  running  water,  then 
heated  in  a  steam  box  for  20  minutes.  The  technique  of  breaking  was  as  given  on 
page  23  for  B  house.  The  results  are  given  as  samples  Nos.  485  and  486  in  Table  16, 
cracked  and  dirty  eggs.  Samples  Nos.  489  and  503  were  from  the  same  lots  of  eg^, 
but  were  broken  by  one  of  the  women  in  the  regular  fashion.  The  difference  in 
bacterial  content  is  astonishing  (11,000,000  in  the  commercial  product  as  compared 
with  less  than  1,000  bacteria  in  the  experimental  samples  in  the  case  of  dirty  eggs), 
but  the  lof3sely  bound  nitrogen  is  practically  the  same,  indicating  about  the 
same  amount  of  aging  in  the  shell. 

Sample  No.  488  ((lean  egga)  was  broken  by  the  same  operator  who  prepared  the 
other  experimental  samples,  but  in  this  case  the  usual  equipment  of  the  nouse  was 
used  and  the  work  mius  done  as  nearly  as  possible  as  the  r^ular  br^dcers  did  it.  It 
mav  be  cornj)ared  ^tt-ith  sample  No.  487,  which  was  taken  nrom  the  same  lot  of  eggs 
and  was  the  work  of  an  ei:i^  breaker  employed  in  E  house.  It  will  be  seen  that  like 
equipment  and  methods  produced  like  results,  whether  the  operator  was  an  egg  breaker 
or  a  bacteriologist. 
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Season  of  1912,  Aftbb  Rbmodblikg. 

ThiB  plant  waa  practically  rebuilt  so  far  as  the  space  used  for  candling,  breaking, 
and  stcnage  of  eggs  was  concerned.  All  the  rooms  involved  in  handling  the  ^;g8 
from  tiieir  receipt  until  they  went  to  the  drying  machine  were  refrigerated. 

The  increased  supply  of  refrigeration  was  used  to  chill  all  incoming  egf^  at  least  24 
hours  before  candling;  to  keep  the  candline  room  at  about  55°  F.;  to  mamtain  a  tern- 
perature  of  60°  F.  in  the  breaking  room;  to  keep  the  liquid  egg  at  a  temperature  below 
40^  F.  while  holding  it  to  supply  the  drying  machines;  and,  finally,  to  freeze  tJie 
liquid  Qgg,  if  it  was  to  go  into  commerce  nard  frozen. 

CONSTRUCTION. 

Breaking  room, — The  construction  of  the  breaking  room  was  materially  changed. 
It  was  insulated  with  2  inches  of  cork  and  was  of  reinforced  concrete  construction 
except  the  ceiling,  which  consisted  of  two  layers  of  tongued-and-grooved  3-inch 
boards.  The  windows  were  closed  with  four  panes  of  glass  for  insulation,  wiUi  a  prism 
^lasB  on  the  outside  to  evenly  distribute  the  light.  The  walls  and  ceiling  were  finished 
'with  white  waterproof  enamel.  The  wash  room  was  separate  from  the  breaking  room, 
and  a  vestibule  protected  the  latter  from  atmospheric  temperatures.  The  creamery 
tank  was  in  the  opposite  end  of  the  breaking  room  and  was  not  partitioned  off.  Brine 
pipes  fastened  to  the  ceiling  and  an  incoming  supply  of  chuled  air  furnished  the 
necessary  r^rigeration  and  ventilation.  The  general  appearance  of  the  room  is 
eAiown  in  Plates  V  and  VI. 

W(uh  room. — The  room  in  which  the  cleansing  and  sterilizing  of  the  egg-breaking 
apparatus  was  performed  was  also  of  cement  construction,  well  lighted  and  with  floor 
drains.    (PI.  XI,  fig.  1.) 

Freezer.^The  freezer  was  constructed  with  brine-pipe  racks  on  which  the  cans  of 
liquid  egg  were  set.  These  racks,  through  which  the  brine  diculated,  greaUy  expe- 
dited the  freezing  of  the  egg.    (PL  XIII,  fig.  1.) 

Candlinp  room.— The  candles,  which  had  two  holes,  were  remodeled  so  that  the 
oval  openings  against  which  the  eggs  rested  were  of  such  a  size  and  the  edges  so  beveled 
that  the  egg  entirely  closed  the  space.  A  tungsten  electric  bulb  was  placed  behind 
each  hole.  As  the  eggs  were  graded  they  were  placed  in  galvanizea-iron  buckets 
holding  12  dozen  each.  In  the  bottom  of  each  bucket  was  a  woven-wire  screen 
supported  by  a  1-inch  salvanized-iron  rim.  The  ^ggs  rested  on  this  screen,  which 
served  as  a  cushion,  so  lessening  breakage  and  offering  a  protection  from  Uie  leakage 
which  might  collect  in  the  bottom  of  the  pail.  The  outfit  of  one  candler  ia  shown  in 
Plate  IX.  figure  1. 

When  filled,  the  buckets  were  transported  to  the  breaking  room  on  a  mechanical 
carrier,  consisting  of  two  endless  belts  connected  by  crossbars  on  which  the  buckets 
hung  by  loose  hooks,  so  that  they  were  alwa3r8  upright.  This  arrangement  obviated 
the  necessity  of  taking  trucks  into  the  breaking  room. 

EQUIPMENT. 

Breaking  room. — The  tables  used  in  the  breaking  room  were  covered  with  zinc  and 
were  supported  on  lees  of  galvanized-iron  pipe.    (Pis.  V  and  VI  and  PI.  IX,  fig.  3.) 
""       ^  '        '"       'les  in  diameter,  were  placed  at  equal 


No  wood  was  exposed.    Four  holes,  about  5  inches  i 

distances  dong  the  middle  of  the  table.  Into  these  holes  gsdvanized-iron  funnels 
were  fitted,  and  served  to  conduct  the  shells  into  the  galvanized-iron  tubs  which  were 
set  below  them  on  the  floor.  One  such  funnel  was  used  by  two  breakers.  On  the 
end  of  the  table  a  frame,  constructed  of  galvanized-iron  pipe,  was  used  to  support  the 
trays  which  held  the  sterilized  cups  and  breaking  knives.  Under  this  tray,  on  the 
table  itself,  was  a  second  tray  used  to  collect  the  soiled  apparatus.    (PI.  V.) 

The  breaking  outfit  consiBted  of  a  rectan^ar  cast-iron  base  into  which  were  soldered 
two  uprights,  one  of  which  terminated  in  a  ring  to  hold  the  cup,  the  other  in  a 
flat  putte  with  two  buttons  for  holding  the  breaking  knife.  This  knife  was  about  4 
inches  long  and  about  1  inch  wide.  A  white  enameled  pan  rested  on  the  base  to  catch 
the  hquid  egg  which  dropped  off  the  breaking  knife.    The  cup  used  was  of  annealed 

§laas  with  a  smooth  surface  inside  and  out  and  held  four  eggs.  The  construction,  in 
etail,  of  this  breaking  equipment  is  shown  in  figure  6.  The  ^gs  were  emptied  from 
the  shells  into  the  cups,  which  were,  in  turn,  emptied  into  a  12-quart  enameled  pail. 
A  galvanized-iron  box  for  holding  the  tissue  paper  used  for  drying  fingers  is  shown 
in  Plate  IX,  figure  3.  These  boxes  were  hung  on  the  pails  containing  the  shell  eggs. 
Woih  room.— The  wash  room  (PI.  XI,  ^.  1)  was  equipped  with  metal  throughout. 
It  contained  two  round-bottomed  sinks,  two  sterilizers,  and  gas-pipe  shelves  to  hold 
pails,  trays,  etc.,  after  sterilization.  Tne  sinks  were  supplied  with  an  abundance  of 
hot  and  cold  water. 
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The  st^rilizere  were  built  of  f^lvanized  iron  in  two  compartments,  and  had  ehelvee 
formed  of  perforated  pipes  which  supplied  the  steam.  A  flue  from  the  top  of  the 
box  was  connected  with  a  damper  and  a  fan  in  order  to  remove  the  steam  quicklv 
after  the  sterilization  was  finished.  A  thermometer,  especially  constructed  for  such 
work,  was  a  necessary  part  of  the  apparatus.  One  sterilizer  was  used  for  cupe  exclu- 
sively and  was  supplied  with  wire-bottomed  tra^s  which  rested  on  the  steam  pipes 
and  were  made  to  lit  the  space.  The  other  sterilizer  was  used  for  buckets,  shell  tubs, 
and  other  bulky  euuipment.  An  auxiliary  wash  room  with  a  sink  and  a  8terili2er 
was  a  part  of  the  Jrying-room  equipment. 


CONDITIONS   PREVAIUNO    EVERY  THIRD   WEEK   FROM   APRIL  TO  SEPTEMBER. 

VM  Xo.  1  {April  S2  to  27). 

There  were  seven  visits  of  one  week  each  made  to  E  house  during  the  season  of  1912. 
At  the  time  of  the  first  visit  the  refrigerating  machinery  was  not  in  operation,  but  the 
temperature  in  the  candlinp  room  and  the  breaking  room  was  from  60°  F.  to  65^  F., 

due   to   the   cool    weather. 

Steam  was  plentiful  and  the 

sterilizers   and  wash    room 

^^^^^_^^_^  were    in    operation.     The 

I  \^^        breaking     room     had     the 

B        ^  \1  /|>r  equipment      already      de- 

d^— ^p-^ -*    \y :: "  ■  V.Vji^=^         scribed ,  with  the  exception 

of  the  new  breaking  outfit. 
A  makeshift  was  used  while 
waiting  until  the  new  forms 
of  apparatus  arrived.  It  was 
sloppy;  therefore,  the  girls 
were  forced  to  use  cloths  lo 
wipe  tables,  cups,  hands, 
and,  sometimes,  the  floor. 
These  rags  were  always  wet 
and  always  unsightly.  A 
bacterial  examination  of  the 
water  squeezed  from  12  of 
them  showed  that  they  were 
carrying  germs  to  the  num- 
ber of  150,000,000  to  each 
cubic  centimeter.  Until  the 
improved  apparatus  was  ob- 
tained it  was  decided  to 
substitute  clean  pieces  of 
cheesecloth  for  tne  indis- 
criminate rags  and  to  wash  and  sterilize  them  twice  daily.  The  breakers  were 
provided  with  clean  wliite  gowns  and  caps.  Each  girl  was  given  a  clean  towel  every 
morning. 

All  apparatus  which  came  in  contact  with  the  ^^  was  sterilized  after  washing,  and 
laboratorv  tents  showed  that  it  was  free  from  bacteria,  with  the  exception  of  the  trou^ 
and  brushes  used  to  feed  and  spread  the  egg  on  the  drying  belt.  This  difficulty  was 
partially  corrected  by  lengthening  the  period  of  steaming,  and  plans  were  made  to 
obtain  a  duplicate  set  of  these  devices  to  permit  of  sterilizing  after  each  run. 

Tht  supply  of  fr/j/s.— During  this  period  the  egg  supply  of  this  house  consisted  of 
dirty  and  crat^ked  eggs  sorted  bv  other  firms  from  lots  going  into  storage.  It  wis 
the  custom  in  this  house  to  candfe  all  incoming  stock,  regardless  of  the  season.  The 
candlers  found  a  sunkiently  large  number  of  incubator  rots  to  warrant  this  extra 
grading  before  submitting  the  eggs  to  the  breakers.  At  tiiis  season  the  ^gs  were 
purchased  on  the  "case-count''  basis. 

Breaking-room  routine. — There  were  employed  at  this  time  15  girls^  with  an  average 
output  of  14  cases  per  girl  per  da^  of  10  hours.  Very  few  of  these  girls  had  been  egg 
breakers.  It  was  deemed  best  to  instruct  from  the  start  rather  than  to  remodel  objec- 
tionable fixed  habits.  A  foreman  accustomed  to  ruling  girls,  but  ignorant  of  the 
business  of  egg  breaking,  was  in  charge. 

The  girls  were  drilled  in  the  essentials  of  bacterial  cleanliness  as  well  as  in  the 
grading  of  the  eggs.  The^  were  instructed  to  wa^  their  hands  after  a  bad  egg  and 
to  dry  them  before  returning  to  work.  While  working,  fingers  were  to  be  kept  dry 
by  means  of  tissue  paper.    The  aim,  however,  was  bo  to  handle  the  eggs  that  the 
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fingers  did  not  become  wet.  Inexperienced  or  inefficient  breakers  always  have  wet 
hands.  The  instructions  regarding  clean,  dry  hands  were  illustrated  by  making 
finger  printa  on  agar  plates.  The  bacterial  growth  resulting  was  especially  useful  in 
showine  the  breakers  the  persistence  of  the  organisms  characterizing  green  white 
eggs,  which  were  plentiful  at  this  time.  The  routine  of  cracking,  turning,  opening, 
and  draining  the  shells  was  that  described  when  discussing  D  house  in  1912  (p.  68). 

Eggs  at  tms  time  cost  18  cents  per  dozen.  It  was  necessary,  therefore,  to  prevent 
waste  as  far  as  possible.  Constant  supervision  enforced  the  regulation  to  turn  the 
eegs  upward  quickly  after  cutting  to  prevent  leakage,  and  to  hold  the  two  halves 
oithe  shell  long  enough  to  drain  thorouehly.  Another  form  of  waste  was  due  to  the 
fact  that  4  eggs  were  put  into  the  cup  before  emptying;  therefore  3  good  eggs  were 
sometimes  lost  because  of  1  bad  one.  The  management  feared  that  too  miich  time 
would  be  lost  if  the  girls  emptied  the  cups  after  each  3  e^gs  instead  of  4.  Obser- 
vations made  with  a  split  second  timer  showed  that  it  required  26  seconds  longer  to 
open  a  dozen  eggs  when  breaking  3  instead  of  4  eg^s  to  a  cup  before  emptying.  By 
interpolation,  this  difference  amoimts,  on  a  case  basis,  to  only  1 .3  minutes.  This 
extra  time  was  considered  negligible  when  compared  with  the  number  of  good  eggs 
saved  if  the  cup  was  emptied  when  it  contained  3  eggs. 

Other  observations  made  amply  confirm  the  foregoing  statement.  For  example, 
during  one-half  day,  there  came  to  the  breaking  room  195  bad  eggs.  These  were 
mixed  by  the  breakers,  when  breaking  4  eggs  to  the  cup,  with  301  good  em,  which 
were,  of  course,  disoarded.  At  18  cents  a  dozen  this  loss,  during  one-half  day, 
amounted  to  $4.50.  It  would  seem  desirable,  to  prevent  waste  and  contamination 
as  well  as  to  insure  good  grading,  to  work  toward  means  by  which  each  egg  shall  be 
handled  separately. 

Table  17 


BUS  J./ . — ContamiTia^iono/^ooc^esr^s  tcn^^een^^Att^  eggs  (EJumse,  1912),  {Commet' 
nally  prepared  in  packing  rwuse  by  breaking  4  eggs  per  cup  and  endeavoring  to  **pour 
)/"  the  bad  egg.) 


cia 
o 


Sample  No. 


Visit. 


Date  of  col- 
lection. 


Bacteria  per  gram  on 
plain  agar  Incubated 
at— 


ao'c. 


37»C. 


Qas-pro- 
duclng 
bacter& 
per  gram 
m  lactose 
bile. 


Liquefying 
organisms 
per  gram. 


Size  of 
sample. 


4166 '  E  1... 

4271 D  1... 

4280 D  1... 

4305 E  2... 

4319 '  E  2... 

4327 1  E  2... 

4341 1  E  2... 


Apr.  22. 
May  7.. 
Mays.., 
May  13., 
May  14. 
May  15. 
May  17. 


26,000,000 
1,200,000 
4,200,000 
35,000,000 
14,000,000 
7,800,000 
9,700,000 


750,000 

500,000 

39,000 

22,000,000 

15,000,000 

500,000 

1,300,000 


10,000 

10,000 

10 

1,000,000 

10,000 

100 

0  in  10, 000 


0  in  10,000 

530,000 

4,700,000 

15,000,000 
5,500,000 
6,100,000 


2  quarts. 

*^ 

8  eggs. 

6  eggs. 

7  eggs. 


It  is  not  possible  to  separate  the  undesirable  from  the  desirable  egg  by  pouring  out 
of  the  cup  the  visible  undesirable  egg.  This  fact  is  illustrated  by  experiments  grouped 
in  Table  17.  When  an  egg  with  a  ^en  white  was  received  in  a  cup  already  noloing 
one  or  more  good  eggs,  the  green-white  €^  was  poured  off  and  the  eggs  remaining  were 
collected  and  examined.  The  bacterial  findmgs,  as  eiven  in  Table  17,  show  that 
the  bacteria  from  the  ^een  eggs  contaminated  the  good  eggs,  the  extent  of  which  is 
brought  out  by  comparing  the  counts  of  the  conmiercial  product  of  the  house  made  at 
the  same  time  as  the  experiments  under  consideration.  It  was  against  the  rules  of  the 
breaking  room  to  use  any  liquid  e^  out  of  the  shell  which  had  been  in  contact  with  a 
bad  egg.  The  bacterial  variation  m  the  regular  product  was  from  140,000  to  1,500,000 
per  gram;  the  lowest  finding  for  the  good  eggs  in  contact  with  a  green-white  eg^  was 
1,200,000,  and  the  maximum  was  35,000,000.  This  principle  holds  true  for  any  highly 
infected  e^  in  contact  with  a  e;ood  egg,  and  effectually  di^osesof  the  habit  of  pouring 
out  the  viable  portions  of  the  bad  e^g  and  using  the  rest. 

The  product. — ^Two  series  of  experiments  were  made  on  different  days,  tracing  the 
egg  step  by  step  from  the  first  pail  to  the  final  dried  product.  The  results  of  mese 
experiments,  as  listed  in  Table  E-I  (Appendix,  p.  66),  under  visit  No.  1,  showed 
that  the  sources  of  contamination  existing  in  1911  had  been  eliminated  except  in  one 
instance — ^namely,  the  brushes  used  to  spread  the  egg  on  the  drying  belt.  Even  here 
the  total  count  did  not  rise,  but  there  was  an  appreciable  increase  in  the  number  of 
B.  coli.  There  is  a  discrepancy  in  the  number  of  bacteria  reported  in  this  sequence 
of  samples.  This  is  due,  probably,  to  the  fact  that  they  were  taken  at  the  outset  of 
the  work  before  the  routine  of  taking  and  handling  samples  was  established .    Too  much 
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reliance  can  not,  therefore,  be  placed  on  them,  but  they  do  serve  to  ahow  a  trend  vhich 
ifl  later  confirmed  when  the  same  criticisnis  of  technic  can  not  be  made. 

The  eight  samples  of  liquid  whole  egg  to  determine  pro^essive  contamination  bad 
a  variation  in  bacterial  count  rangingfrom  140,000  oigamsms  per  gram  to  1,500,000 
and  in  the  number  of  B.  coli  from  0  to  10,000. 

The  final  dried  products  of  the  two  series  of  experiments  had,  as  listed  in  Table  E-I 
(Appendix,  p.  66),  under  samples  Noe.  4177  and  4191,  a  count  of  1,300,000  in  the 
first  case  and  430,000  per  gram  in  the  second.  The  number  of  B,  colt  in  sample 
No.  4177,  before  and  after  drying,  was  1,000  per  gram;  in  No.  4191, 10,000  per  gram 
before  drying  and  none  afterwaras.  Thev  had  probabljr  been  killed  by  heat  during 
desiccation.  Three  other  samples  of  driea  egg  taken  during  this  period  had  bacteriia 
contents  similar  to  specimen  No.  4177. 

Immediately  after  the  desiccated  egg  was  scraped  from  the  belt  it  was  sifted  to  break 
up  the  flakes  and  to  separate  out  the  wet  lumps.  (See  p.  15.)  To  insure  thorough 
drying,  the  screened  egg  was  placed  in  a  bin  at  a  temperature  of  100^  F.  for  a  few 
hours.  Determination  of  moisture  in  the  flaky  egg  before  and  after  this  secondary 
drying  showed  practically  no  change  in  the  water  content. 

The  wet  lumps  were  rubbed  through  a  sieve  with  the  hands  or  by  means  of  a  grooved 
block  of  wood  about  4  inches  square  and  placed  in  a  bin  at  about  100°  F.  for  final  dry- 
ing. The  wet  lumps  sifted  from  the  same  run  as  the  dried  egg  described  under  No. 
4191  had,  as  shown  in  Table  £-11  (Appendix,  p.  68),  14,000,000  bacteria  per  gram  and 
a  moisture  content  of  18  per  cent,  botii  of  which  are  distinctly  higher  than  me  corre- 
sponding flaky  portion.  Other  samples  of  wet  lumps  taken  before  and  after  sifting, 
and  after  secondary  drying,  had  bacterial  counts  of  2,400,000, 2,100,000,  and  3,300,0W 
per  gram  respectively.  The  moisture  content  was  reauced  from  17.40  to  6.94  per 
cent  by  secondary  drying. 

Vmt  No.  2  {May  IS  to  18). 

The  refrigerating  had  not  been  completed,  and  the  new  breaking  outfits  had  not 
arrived.  Since  the  former  visit  an  extra  set  of  brushes  had  been  made  for  each 
drying  belt,  so  that  it  was  possible  to  have  them  changed  between  runs.  They 
were  always  steamed  for  an  nour  instead  of  20  minutes.  An  extra  set  of  feeding 
troughs  were  in  the  process  of  making.  Duplicate  parts  of  the  mixing  device  had 
been  purchased  so  that  one  set  could  be  washed  and  sterilized  while  tiie  other  was 
in  operation. 

The  breaking  stock  of  this  period  consisted  of  about  235  cases  of  cracked  eg^  per 
day.  Grading  the  eggs  before  the  candle  was  being  done  well.  The  work  in  the 
breaking  room  was  also  good  when  the  number  of  untrained  girb  and  the  makeshift 
apparatus  are  taken  into  consideration. 

It  was  customary  for  the  girls  to  break  enough  eggs  in  the  afternoon  to  cover  the 
belts  during  the  first  run  in  the  morning.  The  weather  was  so  warm  that  there  was 
bacterial  multiplication  in  the  liquid  product  while  being  held  overnight  without 
refrigeration,  as  may  be  seen  from  the  bacterial  contents  of  the  corresponding  dried 
products,  given  in  Table  18. 

Table  IS, -^Effect  of  lack  of  refrigeration  of  liquid  stock  upon  bacterial  corUerU  of  dried 

product  {Enouaey  1912). 

COMMERCIAL  SAMPLES  OF  DRIED  EGO  PREPARED  FROM  LIQUID  BOG  HBLD  AT 
ROOM  TEMPERATURE  OVER  NIGHT. 


Sample  No. 

VJsit. 

Date  of 
collec- 
tion. 

Bacteria  per  nam  on 
plain  a^ar  incubated  at— 

Gas-pro- 
dudnglMO- 

teriaper 
gram  in  lac- 
tose bile. 

LIqwgtag 
tjrgaxiism& 

20»C. 

87»C. 

pergmn. 

4296 

2 
2 
3 
3 

May     1 
May    8 

May  21 
May  23 

0,200,000 
15,000,000 
6,300,000 
7,100,000 

6,000,000 

11,000,000 

1,300,000 

1,400,000 

100,000 
10,000 
10,000 
10,000 

300,000 

4296 

0  in  10,000 

4431 

20,000 

4432. 

20,000 

COMMERCIAL  SAMPLES  OF  DRIED  EGO  PREPARED  FROM  LIQUID  EGO  IMMEDIATBLY 

AFTER  BREAKING. 

4297 

2 
2 

May     6 
May    8 

1,100,000 
900,000 

900,000 

660,000 

10.000 
10,000 

70,000 

4208 

0  in  1^000 
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Six  samples  of  desiccated  e^  taken  on  this  visit  showed  from  65,000  to  13,000,000 
organisms  to  the  pram,  as  tabulated  in  Table  E-III  and  E-V  (Appendix,  pp.  70 
and  74),  under  visit  No.  2. 

A  study  of  the  dried  product  of  four  different  runs  showed,  as  expressed  in  Table 
E-II  (Appendix,  p.  68),  under  visit  No.  2,  that  the  wet  lumps  in  every  case  had  a 
higher  bacterial  content  than  the  flaky  egg.  In  some  samples  this  difference  was 
n^ligible;  in  others  it  was  marked.  The  moisture  content  of  the  wet  lumps  varied 
from  16.46  to  21.68  per  cent. 

TiUSLB  19. — Commercial  sampler  of  liquid  and  dried  tanners'  egg  (E  house y  1912). 


Sam- 

Description  of 
sample. 

Date  of 

Visit. 

Bacteria  per  gram 
on  plain  agar  in- 
cubated at— 

Gas- 
producing 
bacteria 
per  gram 
m lactose 

bile. 

Lique- 
tylng 
organ- 

Ammania- 
cal  nitrogen 

(Folin 
method). 

Mois- 
tuie. 

20- C. 

37-  C. 

gram. 

Wet 
basis. 

^. 

4196 
4323 
4347 

4348 

do 

Liquid  egg 

Apr.  26 
lj:ay  14 
May  17 
...do 

1 
2 
2 
2 

100, 000, 00(Jl7, 000,000 1,000,000+ 

2D,000,000|  4,700,000     100,000+11,200,000 
48,000,000,  4,800,000       10,000+; 2, 600, 000 

130, 000, 000  24-000-0001-000-000-1-! 

P.et. 
0.0069 
.0024 
.0020 
.0041 

P.ct. 

0.0219 
.0025 
.0021 
.0146 

P.et. 

68.53 
6.54 
6.90 

71.89 

'      ' 

During  this  visit  two  samples  of  liquid  and  two  of  dried  tanners' egg  were  taken. 
The  laboratory  results  given  in  Table  19  showed,  as  would  be  expected,  an  excessive 
number  of  bacteria  ana  large  quantities  of  ammoniacal  nitrogen. 

Visit  No.  3  (June  1  to6). 

The  third  trip  to  this  house  was  made  when  most  of  the  new  equipment  for  the  sea- 
son was  in  operation.  The  extra  set  of  supply  troughs  to  the  drying  belts  had  been 
made;  two  creamery  tanks,  with  a  capacity  oi  800  gallons  each,  were  installed;  the 
new  breaking  outfits  were  in  use;  ana,  most  important  of  all,  tnere  was  a  plentiful 
supply  of  refrigeration,  so  that  the  eggs  could  be  kept  cold  from  time  of  receipt  until 
the  liquid  was  spread  on  the  drying  belts. 

Each  tank  haa  a  continuously  revolving  brine  coil,  which  served  to  keep  the  egg  at 
a  temperature  just  above  freezing  until  it  was  drawn  off  to  be  dried.  These  creamery 
tanks  were  especially  constructed  in  that  the  lids  were  perforated  to  permit  of  the 
steam  hose  being  inserted,  and  the  joints  were  tight  enough  and  strong  enough  to  hold 
the  steam.  A  temperature  of  210**  F.  was  readily  maintained  for  one-half  nour.  Of 
course,  the  cold  bnne  was  emptied  from  the  pipes  before  the  steam  was  admitted. 

With  the  accession  of  refrigeration  the  receipts  had  been  doubled,  so  that  the  drying 
room  was  in  operation  day  and  night.  The  force  had  been  increased  so  that  all  the 
eggs  were  candied  and  broken  during  the  day.  The  egg  supply  consisted  of  "dirties  " 
and  ** checks,"  about  half  and  half. 

The  work  of  the  candlers  was  fair;  the  work  in  the  breaking  room,  however,  was  very 
unsatisfactory  because  the  forewoman  was  not  enforcing  the  routine  decided  upon. 
The  girls,  for  instance,  were  only  occasionally  washing  nands  and  changing  kmves 
after  bad  eggs.  Their  manipulation  of  the  new  breaking  outfit  was  an  example  of  how 
poorly  a  good  piece  of  apparatus  can  be  used .  They  gave  the  eggs  too  harda  blow  on 
the  breaHn^  knife  and  then  did  not  turn  the  crack  upward,  consequently  a  large 
amount  of  white  leaked  from  the  egg  into  the  drip  tray. 

Because  of  the  large  number  of  eggs  with  incipient  odors  and  because  of  the  laige 
percentage  of  bad  eggs  in  the  breaking  stock,  the  girls  were  continuously  in  need  of 
assistance  in  deciding  on  doubtful  eg^.  On  account  of  the  unreliability  of  the  girls 
and  the  importance  of  careful  grading,  it  was  absolutely  necessary  that  a  weU-quahfied 
person  should  have  charge  of  the  breaking  room. 

During  this  period  31  samples  of  the  commercial  product  were  obtained — ^five  from 
the  large  storage  tanks  in  tne  breaking  room  and  die  balance  in  the  drying  room 
before  and  after  desiccation. 

The  five  samples  taken  from  these  tanks  had  about  double  the  number  of  bacteria 
found  in  similar  specimens  taken  on  visit  No.  2.  The  number  of  bacteria  in  the 
present  samples  is  shown  in  Table  E-IV  (Appendix,  p.  72).  There  was  also  a  slight 
mcrease  in  the  amount  of  ammoniacal  nitrogen. 

The  laboratory  results  showed  no  marked  changes  in  the  dried  product  when  com- 
"pared  with  those  obtained  during  the  previous  experimental  period. 
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Vmt  No.  4  (June  U  to  t8). 

The  egg  supply  consisted  of  one  half  checks  and  the  other  half  a  mixture  of  seconds 
and  dirty  eggs. 

The  mana^ment  had  not  succeeded  in  obtaining  a  forewoman  to  replace  the  one 
who  left  during  visit  No.  3.  An  attempt  was  made  to  promote  a  conscientious  arl 
from  the  ranks,  but  the  breakers  absolutely  refused  to  recognize  one  of  their  number 
as  their  head.  The  position  required  a  good  disciplinarian  as  Well  as  one  who  could 
appreciate  and  enforce  the  principles  of  bacterial  cleanliness  as  applied  to  the  prepa- 
ration of  food  on  a  large  scale. 

The  supply  of  egaa  was  not  sufficient  to  keep  the  girls  at  work  the  whole  day.  They 
received  the  samedaUy  wage  whether  they  worked  all  or  part  of  a  day,  consequently 
there  was  a  concerted  effort  to  break  the  ems  in  as  short  a  time  as  possible.  This 
undue  haste  led  to  unclean  work  and  to  careless  grading. 

The  low  quality  of  the  work  during  this  week,  as  well  as  the  untidy  appearance  of 
the  breaking  room,  showed  what  can  be  expected  when  a  number  of  irresponsible 
girls  are  allowed  to  work  without  direct  and  strict  supervision. 

The  work  of  the  candlers  was  superior  to  that  of  the  breakers.  •  The  foreman,  shortly 
before  tWs  visit,  was  directed  to  recandle  daily  the  rejects  from  the  different  candlers. 
The  finding  of  only  six  edible  eggs  on  breaking  one-half  case  of  rejects  after  secondary 
candling  indicated  that  the  wotk  was  being  done  very  efficiently. 

From  a  chemical  and  bacteriological  viewpoint  the  quality  of  the  liquid  and  dried 
product  was  practically  the  same  as  found  on  the  last  visit.  A  few  samples  of  desic- 
cated egg,  however,  contained  more  organisms  than  had  been  noted  heretofore.  The 
wet  lumpis  showed  no  greater  infection  than  the  flaky  egg. 

Vmt  No.  5  (July  19  to  U). 

The  conditions  in  the  breaking  room  were  greatly  improved  because  the  superin- 
tendent had  been  able  to  give  some  attention  to  the  breakers.  The  egg  supply  had 
not  increased,  consequently  he  was  able  to  reduce  the  breaking  force  to  a  number  suffi- 
cient to  complete  the  work  by  the  regular  closing  time.  He  dismissed  the  more 
inefficient  girls  and  particularly  those  who  had  been  promoters  of  disorderly  work. 
This  culling  resulted  in  an  altogether  different  spirit  in  the  breaking  force,  for  each  of 
the  remaimng  girls  was  not  only  anxious  to  do  good  work  but  was  also  desirous  of 
retaining  her  position. 

With  this  cnange  in  the  attitude  of  the  breakers  it  was  a  comparatively  simple  mat- 
ter to  get  them  to  manipulate  the  egg  properly,  to  break  at  a  sufficiently  low  speed  to 
permit  careful  grading,  and  to  make  the  necessary  changes  in  apparatus  after  opening 
an  infected  egg. 

As  a  consummation  to  the  improved  conditions,  the  superintendent  succeeded  on 
July  16,  1913,  in  getting  a  forewoman  whom  the  girk  immediately  and  cheerfully 
recognized  as  their  superior.  The  young  woman  was  trained  along  sanitary  lines, 
consequently  she  could  appreciate  the  principles  of  bacterial  cleanliness  which  were 
being  applied  here  to  the  preparation  of  frozen  and  dried  e^.  By  instruction  and 
observation  she  quickly  learned  to  recognize  the  various  kinds  of  egga  occurring  in 
breaking  stock,  and  was  soon  competent  to  supervise  grading  as  well  as  clean  hxmd- 
ling  of  eggs.  Gum  chewing  was  prohibited  among  the  girls,  since  with  such  a 
highly  flavored  substance  in  the  mouth,  eggs  with  incipient  odors  would  not  be 
detected. 

She  also  stopped  conversation  between  breakers  because  it  was  necessary  for  best 
results  that  a  girl  give  her  entire  attention  to  her  task.  As  a  compensation  for  steady 
work  the  forewoman  gave  the  girls  a  five-minute  recess  in  the  middle  of  each  half  day. 
The  increased  efficiency  of  the  breaking  force  under  the  new  regime  more  than  bal- 
anced the  time  utilized  by  the  intermission. 

On  one  of  the  first  days  of  the  visit  two  of  the  breaking  girls  were  given  the  position 
of  pages.  Their  duties  were  to  transport  the  trays  of  clean  apparatus  from  the  wa^ 
room  to  the  breaking  room,  to  carry  the  same  back  when  dirty,  and  to  look  afta-  the 
general  appearance  of  the  breaking  room.  Formerly  the  breakers  stopped  thdr  work 
to  do  these  errands.  Inasmuch  as  this  work  kept  the  pages  busy,  tms  change  in  the 
organization  did  not  add  to  the  operating  expenses,  but  greatly  facilitated  the  work  of 
the  breakers. 

A  few  changes  in  equipment  had  been  made  since  the  last  visit.  For  instance,  new 
racks  had  been  made  to  hold  the  breaking  knives  from  the  time  they  were  washed 
until  they  were  used  in  the  breaking  room.  Another  change  was  the  placing  of  a  clock- 
face  with  movable  hands  on  each  sterilizer  door.  After  Sling  a  sterilizer  with  appa- 
ratus, the  operator  noted  the  time  of  day  and  placed  the  hands  of  the  clock^Lce  at  the 
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hour  and  minute  when  the  supply  of  steam  should  be  cut  off.  This  mechanism  ena- 
bled the  operator  to  know  dennitely  that  each  portion  of  apparatus  was  sterilized  for 
25  minutes. 

The  egg  supply  consisted  of  current  receipts  as  well  as  checks,  dirties,  and  seconds. 

The  general  candling  of  the  receipts  was  fair,  but  the  recandline  ot  the  discards  was 
not  accurate.  The  latter  duty  had  been  assigned  to  one  of  the  regular  candlers 
because  the  foreman  was  now  checking  the  work  of  individuals  candling  to  select 
good  eggs  to  go  to  the  breaking  room.  He  recandled  pails  of  eggs  selected  at  random, 
and  when  he  found  an  undue  number  of  deteriorated  egga  he  notified  the  original 
candler.  Under  this  system  of  overinspection  the  girls  developed  more  care  in 
grading. 

Quantitative  determinations  ffiven  in  Table  £-IV  (Appendix),  under  visit  No.  5, 
showed  that  samples  of  the  regular  breaking  stock  contained  46.9  per  cent  more  bac- 
teria and  10  per  cent  more  ammoniacal  nitrc«:en  than  did  similar  samples  obtained 
on  the  previous  visit.  Similarly-,  Table  E-III  shows  that  the  desiccated  product 
contained  more  oiganisms  than  dia  the  samples  taken  on  the  precediug  visit.  The 
larger  amount  of  bacteria  in  the  liquid  egg  probably  accounts  for  this  increase.  The 
increase  in  the  bacterial  content  was  no  doubt  due  to  the  hot  weather  which  pre- 
vailed during  the  first  half  of  July. 

The  data  on  the  commercial  product,  as  recorded  in  Table  E-IV  (Appendix),  pre- 
pared from  current  receipts,  snowed  the  same  amount  of  loosely  bound  nitn^n 
as  did  the  e^  discussed  before,  but  the  number  of  bacteria  was  about  one-third  less. 
The  latter  difference  may,  perhaps,  be  explained  by  fewer  infected  esgs  in  current 
receipts  as  compared  with  the  seconds,  dirty,  and  cracked  eggs  or  the  regular 
breaking  stock. 

Visit  No.  6  (August  5  to  9), 

The  egg  supply  consisted  of  the  same  classes  of  eggs  as  on  the  previous  visit,  but  there 
were  fewer  current  receipts. 

The  general  candling  was  good,  and  the  recandling  of  the  discards  was  jnproved. 
The  breakers  were  doinjp^  good  work  under  the  direction  of  the  new  forewoman.  In 
fact^  the  management  of  the  breaking  room  was  better  than  it  had  been  at  any  time 
during  the  season. 

As  Qie  firm  was  putting  up  an  order  of  dned  yolk,  about  on^third  of  the  breaking 
force  was  separating  eggs  into  white  and  yolk.  The  separation  was  effected  by  a  trough 
separator  of  the  gravity  type.  This  device  was  effective  for  spring  ^gs,  but  was  not 
very  efficient  for  the  soft  eggs  which  occurred  at  this  penod.  The  girls,  conse- 
quently, were  continuously  removing  broken  yolk  from  the  apparatus,  and  with  the 
best  of  manipulation  they  could  not  prevent  portions  of  yolk  setting  into  the  white. 

Bacteriological  and  chemical  examinations  of  whole  egg  before  and  after  drying 
proyed  the  breaking  stock  to  be  of  practically  the  same  quality  as  on  the  preceding 
visit.  The  weather  was  cooler  during  the  latter  half  than  it  was  during  the  first  part 
of  July,  consequently  there  was  no  greater  deterioration  in  the  egg  supply. 

Tame  E-VI  (Appendix  p.  76)  gives  the  results  of  13  samples  of  white  and  yolk  sep- 
arated bv  the  device  alr^idy  described.  The  maximum  number  of  bacteria  found 
was  1,800,000;  the  minimum  1,000.  It  is  of  interest  in  this  connection  to  note  that 
the  counts  in  every  case  are  lower  than  those  in  synchronous  samples  of  whole  egg 
taJcen  from  the  large  storage  tanks.  It  is  probable  that  the  soft  eggs  which  enter  the 
latter  product  offer  an  explanation  of  its  mgher  bacterial  content. 

Samples  were  taken  of  the  product  broken  each  day  during  the  interval  between 
visits  No.  5  and  No.  6.  During  this  interval  the  management  purchased  1,153  cases 
of  firsts  which  had  been  deluged  with  water  while  a  fire  was  being  extinguished  in 
the  building  in  which  thev  were  stored.  A  chemical  examination  of  the  eggs  proved 
them  to  be  comparatively  fresh  and  to  contain  no  more  water  than  is  ordinarily 
found  in  breaking  stock.  The  eggs  were  broken  in  three  days'  time,  but  the  last 
portion  was  not  finished  until  four  days  after  receipt  because  a  Simday  intervened 
between  the  last  two  days.  The  forewoman  stated  that  the  gradine  was  simple  on 
tiie  first  and  second  days,  but  was  very  perplexing  on  the  last  day,  oecause  many  of 
the  egga  had  become  musty.  The  mustiness  of  these  eggs  pervaded  the  atmosphere 
of  the  breaking  room  to  such  an  extent  that  it  was  almost  impossible  to  detect  anv 
other  odor.  The  changes  observed  in  these  eggs  indicate  that  the  wetting  of  shells 
plays  ajpart  in  the  production  of  musty  egg[s. 

It  is  interesting  to  observe  the  increase  in  the  number  of  bacteria  in  the  product 
broken  each  day.  The  count  on  the  first  day  was  1,600,000;  on  the  second,  2,400,000: 
and  on  the  fourth,  5,100,000  per  gram.  The  B.  coli  numbered  10,000  in  the  liquia 
egg  broken  on  Friday  and  Saturday  and  100,000  in  the  product  obtained  on  Monday, 
'^e  amount  of  ammoniacal  nitrogen  foimd  in  the  eggs  was  practically  the  same  on 
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the  fourth  day  as  on  the  second.    The  bacteria,  therefore,  had  not  multiplied  suffi- 
ciently to  br€»k  down  the  protein  material  of  tne  e^. 

The  management  held  the  r^ular  receipts,  including  the  checks,  until  all  the  wet 
eggs  were  broken.  Two  samples  taken  of  the  liquid  product  made  from  cracked 
eggs  kept  in  a  chiU  room  four  da3rs  had  a  count  of  4,500,000  in  one  case  and  5,400,000 
in  the  other,  as  compared  with  1,100,000  and  1,600,000  in  eggs  broken  inmiediately 
on  receipt.  These  results  show  the  deleterious  effect  of  holding  warm-weather  checks, 
even  if  they  are  kept  in  cool  surroundings. 

Visit  No,  7  {August  29  to  24)^ 

The  seventh  and  last  trip  to  this  house  was  made  during  the  last  week  the  plant 
was  in  operation. 

The  breaking  stock  consisted  of  the  same  classes  of  eggs  as  are  discussed  ond^  the 
sixth  visit,  wim  the  exception  of  some  dirty  eggs  which  had  been  in  storage  since 
the  middle  of  April.  The  low  quality  of  the  receipts  was  shown  by  the  &ct  that 
over  20  per  cent  was  rejected  by  candling.  Since  it  was  impossible  to  purchase  a 
sufficient  supply  of  eggs  to  fill  the  orders  for  the  desiccated  product,  the  firm  was 
melting  frozen  stock  prepared  earlier  in  the  season  and  mixing  it  with  the  liquid 
eg^direct  from  the  breakers. 

With  the  decrease  in  receipts  the  candling,  breaking,  and  drying  forces  were 
reduced.    It  now  required  only  eight  girls  to  break  the  egg  supply. 

During  the  interval  between  this  and  the  previous  trip  daily  samples  were  taken 
from  the  large  storage  tanks.  These  samples  were  obtained  before  tne  management 
b^an  mixing  frozen  and  liquid  egg,  hence  they  are  comparable  with  previous  sam- 
ples from  the  large  tanks.  Table  E-IV  (Appendix),  visit  No.  7,  shows  that  the 
average  count  of  samples  taken  on  the  sixth  visit  was  4,300,000  per  gram;  of  the 
specimens  obtained  on  the  present  trip,  5,700,000.  A  similar  increase  in  the  amount 
01  loosely  bound  nitrogen  was  also  observed.  These  results  also  show  the  low  quality 
of  the  receipts. 

Five  samples  of  the  liquid  mixture,  composed  of  frozen  and  shell  eggs,  gave,  as 
expressed  in  Table  E-V  (Appendix),  under  visit  No.  7^  counts  varyinjg  from  6,400,000 
to  19,000,000  per  gram.  The  amoimt  of  anmioniacal  nitrogen  determined  was  grc&ter 
than  was  ordmanly  foimd  in  food  eg^.  From  a  bacteriological  and  chemical  view- 
point these  samples  showed  more  deterioration  than  any  previous  series  of  specimens 
taken  from  the  food  product  prepared  by  this  house.  The  deletions  effect  of 
rehandling  the  frozen  oggs,  together  with  tne  low  quality  of  the  shell-egg  stock,  is  the 
probable  explanation  of  this  low-quality  product.  Since  the  laboratory  results  of 
these  samples  are  not  comparable  with  mose  of  the  general  output,  they  will  not  be 
included  m  the  general  averages. 

CONDITIONS  OBSEBVED  IN  F  HOUSE  DURING  TWO  GONSECUTIYE  YBABS. 

Sbason  op  1911. 
construction,  equipment,  and  routinb. 

The  building  in  which  this  egg-breaking  plant  is  established  is  built  of  brick  and 
is  several  stories  in  height.  The  room  in  which  the  eggs  are  broken  was  located  in 
a  comer  of  the  second  floor  and  feiced  two  streets.  It  had  three  windows  on  one  side 
and  one  on  the  other.  In  cool  weather^— which  was  but  seldom — ^these  windows  were 
kept  closed.  They  were  screened  a^nst  flies.  A  supply  of  air^  which  was  waehed 
but  not  chiUed,  was  fonned  into  this  room,  but  it  was  not  considered  adequate  for 
ventilation.  At  one  end  of  the  room  a  raised  concrete  platform  held  a  sink  with  hot 
and  cold  water  and  a  small  steam  tablej  along  one  side  of  the  room  was  another  con- 
crete platform  holding  chums  for  the  mixing  of  the  e^.  The  remainder  of  tiie  room, 
which  was  occupied  by  the  egg  breakers,  was  floored  with  hard  maple.  The  walls  and 
ceiling  were  plaster,  white  enameled.  Two  doors,  one  at  each  end  of  a  side  wall, 
served  for  entrance  and  exit.    The  temperature  of  the  room  seldom  rose  above  80^  F. 

The  40  girls  employed  worked  at  five  zinc-oovered  tables.  One  girl  at  each  table 
presided  over  the  other  seven  and  was  responsible  to  the  foreman.  White  caps  and 
naif-sleeve  gowns  were  wom,  completely  covering  all  varments. 

Early  in  the  season  the  eggs  were  emptied  nom  the  shells  into  white-enameled 
cups,  three  of  which  were  set  in  a  white-enameled  pie  plate.  The  shells  were  cut 
on  a  small  piece  of  steel  clamped  across  one  cup.  This  apparatus  is  pictured  in  figuic 
7.  Yolks,  whites,  whole  firsts,  whole  seconds,  and  tanners*  grades  were  made.  The 
drippings  from  the  ^gs  collected  in  the  plates  and  were  objectionable.  A  sugg^estjon 
to  the  manager  resulted  in  the  placing  of  metal  racks  in  the  pie  plates,  thusiiftisg 
the  bottom  of  the  cups  out  of  the  drip. 
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The  liquid  egg  was  collected  in  agateware  buckets  holding  20  pounds.  From  these 
it  was  transferred  to  the  chums  and  then  drawn  by  a  gate  valve  into  the  30-pound 
cans,  which  served  as  the  final  containers. 

It  was  the  custom  of  the  girls  in  this  house  to  use  rags  of  various  sorts  for  wiping 
fingers,  cups,  tables,  and  the  floor  indiscriminately.  The  utensils  were  washed  in 
hot  water,  out  frequently  ^e  girls,  in  an  excess  of  zeal,  would  wipe  a  comparatively 
clean  piece  of  apparatus  on  a  wet  bacteriarladen  rag,  thereby  very  largely  undoing 
the  good  done  by  washing.    Fingers  were  constantly  wet. 

The  supply  of  incoming  eggs  in  the  shell  was  chiUed  before  candline.  Frequently 
there  was  an  interviJ  of  several  days  between  the  candling  and  the  breaking  of  the 
eggs.  Even  though  the  eggs  were  Kept  under  refrigeration,  it  was  found  better  to 
brea^  immediately  after  candling  (see  p.  40). 

The  work  of  the  candlers  was  fair;  but  too  many  ^gs  that  should  have  been  stopped 
in  the  candling  room  found  their  way  to  the  breaxers.  This  resulted^  as  it  always 
does,  in  lax  gr£ling  and  carelessness  in  changing  apparatus  after  breaking  a  bad  e^. 

The  general  principles  of  bacterial  cleanliness  to  be  striven  for  in  the  ege  breaking 
were  discussed  with  the  management,  and  it  was  decided  to  try  several  breaking 
outfits  and  systems  of  operation,  using  the  table  of  eight  ^Is  as  a  unit.  From  these 
experiments  there  evolved  a  new  breaking  outfit.  This  consisted  of  metal  racks 
supported  on  a  traylike  base  and  having  an  adjustable  knife,  which  could  readily 
be  removed  after  a  bad  egg  had  been  cracked  on  it.  Glass  sherbet  cups  received 
the  eg^.  A  mechanical  separator  of  white  and  yolk,  which  could  be  attached  to 
the  knife,  was  also  devised. 
Until  this  invention  the 
shell  method  of  separating 
had  been  used. 

The  table  was  also  modi- 
fied in  that  four  holes, 
each  about  5  inches  in 
diameter,  were  cut  in  a 
row  down  the  middle.  Be- 
low these  were  set  the  shell 
cans  and  into  them  were 
fitted  galvanized-iron  fun- 
nels, that  the  shells  might 
be  more  acciirately  and 
easily  guided  into  tne  cans 
below. 

Tissue  paper  was  provided  for  drying  fingers,  and  the  rags  were  abolished.  A  little 
steam  sterilizer  was  also  rigged  up  for  experimental  purposes  only. 

When  the  girls  had  become  somewhat  accustomed  to  the  new  forms  of  apparatus, 
some  laboratory  examinations  were  made  of  the  output  prepared  under  the  old  and 
the  new  conditions.    The  comparative  results  are  given  in  Table  20. 

EXPERIMENTAL  AND  COMMERCIAL  SAMPLES. 

A  mixture  of  summer  firsts  and  seconds  when  broken  imder  the  cleanly  conditions 
just  described  and  when  the  apparatus  and  containers  were  steam  sterilized  gave  the 
results  for  white  and  yolk  shown  in  Table  20,  Part  I,  experiments  Nos.  519  and  518. 
The  total  number  of  bacteria  is  low  and  B.  coti  were  not  found  in  a  1  to  100  dilution. 
A  repetition  of  this  test,  using  seconds  only  and  the  old  type  of  breaking  outfit,  gave 
equally  as  good  results,  as  is  shown  in  experiments  Nos.  526  to  528,  inclusive. 

Cracked  eggs,  which  had  been  candled  the  day  before,  were  also  broken  on  the 
new  tray  and  with  sterilized  apparatus.  The  findings  on  these  eggs  are  recorded  in 
experiments  Nos.  520  to  525,  inclusive.  It  will  be  observed  that  grading  became 
necessary  in  this  experiment.  From  the  two  cases  broken,  the  routine  grading  prac- 
tice of  tnis  house  yielded  IJ  pounds  of  a  second-erade  liquid  eeg,  and  between  2  and 
3  poimds  of  tanners*  egg.  The  latter  included  the  drip  which  collected  in  the 
breaking  trays.  The  number  of  bacteria  in  white  and  yolk  from  these  checked  eggs 
were  not  very  numerous,  though  higher  than  in  the  sound  eggs  of  similar  grade, 
The  whole  egg  contained  some  that  had  soft  yolks,  and  the  second-grade  whole  egg 
consisted  almost  exclusively  of  eggs  of  this  variety,  with  some  that  were  beginning 
to  sour.  The  very  high  bacterial  content  of  the  second-grade  whole  egg  again  indi- 
cates that  a  study  of  grading  was  needed  to  supplement  that  of  cleanliness.  The  bac- 
teria in  the  tanners'  egg  were  reduced  in  number  by  the  amount  of  drip  which  entered 
it.  The  drip  from  dean  trays  and  cups  is  very  different,  bacterially,  from  that  col- 
lecting on  rough  and  unsterilized  apparatus. 


Fio.  7.— Outfit  used  for  egg  breaking  before  remodeling. 
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Clean  secondsi  after  clean  breaking  and  collecting,  gave  the  products  listed  under 
No6.  538  to  540,  inclusive,  and  again  in  experiment  No.  543.  Again  the  yolks  and 
whites  showed  less  than  1,000  bacteria  per  gram.  From  lot  543  was  obtained  the 
sample  of  tanners'  egK,  given  in  experiment  No.  544.  A  count  of  81,000,000  bacteria 
is  accounted  for  by  tne  fact  that  tne  egg  was  composed  chiefly  of  green-white  ^gs, 
sour  eggs,  and  the  drip  from  the  trays. 

The  foregoing  findings  are  encouragine  in  that  they  correlate  bacterial  findings  with 
cleanliness  and  grading.  To  confirm  this  indication,  similar  eggs  were  broken  with 
the  old  apparatus  cleaned  by  water  alone  and  using  the  old  methods  of  j^rocedure. 
Under  such  conditions,  checked  eggs  from  the  same  lot  as  those  used  in  expa'i- 
ments  Nos.  520  to  525  were  broken  and  prepared  as  white  and  yolk  as  well  as  whole 
egg.  The  number  of  bacteria  in  these  samples  varied  from  67,000,000  to  1,100,000,  a 
sharp  contrast  to  the  experimental  product  just  discussed.  The  anmioniacal  nitrogen 
is  practically  identical  with  that  obtained  previously .  These  egjgs  were  traced  through 
the  operation  of  churning  and  drying,  with  the  results  shown  in  samples  Nos.  530  to 
532,  inclusive,  the  coimts  running  between  2,600,000  and  4,400,000  on  the  liquid  egg 
and  reaching  27,000,000  for  the  (feed  product.  The  count  on  sample  No.  532,  how- 
ever, the  dried  product,  must  be  divided  b^^  3  to  make  it  comparable  with  the  liquid 
egg.  It  will  be  observed  that  every  step  in  the  process  caused  an  increase  in  the 
number  of  organisms.  Checked  eggs  commonly  run  higher  in  bacteria  than  do 
eggs  with  soimd  shells  of  comparable  erade.  It  was,  therefore,  decided  to  break  some 
sound,  clean  eggs  by  the  old  methods  for  comparative  purposes.  The  findings  are 
given  as  samples  Nos.  541  to  550,  inclusive,  ana  show  a  maximum  bacterial  content 
of  33,000,000.  This  series  traces  the  whole  egg  from  the  first  collecting  pails  to  the 
dried  product.  The  initial  count  o^  the  liquid  egg,  namely,  1,400,000,  is  comparable 
with  that  given  for  No.  530. 

Dirty  e^  were  also  to  be  studied  as  checks  and  seconds  had  been.  To  this  end 
samples  Nos.  545,  546.  and  547  were  prepared.  The  clean  routine  gave  a  count  of 
450,(MX)  per  gram,  with  10,000  B,  coli,  wnereas  the  old  methods  of  breaking  dirty 
eggs  gave  8,700,000  total  count  and  1,000^000  B,  coli.  These  eggs  had  unusually 
filthy  shells  and  were  a  severe  test  of  cleanhness  of  handling. 

Such  preliminary  experiments  serve  to  confirm  and  extend  the  findings  for  houses 
B,  C,  and  E,  as  seen  dtuing  1911. 

Season  of  1912. 

changes  in  construction  and  equipment. 

The  breaking  room  of  F  house  was  not  reconstructed  in  strict  accordance  with  the 
experimental  requirements  of  this  investigation  because  the  management  was  planning 
to  remodel  the  entire  establishment  in  the  near  future.  Some  important  changes, 
however,  were  made  in  the  breaking  equipment,  and  a  separate  wash  room  was  built 
so  that  all  utensils  could  be  washed  outside  the  breaking  room.  Plate  VII  and  Plate 
VIII,  figure  1,  picture  the  latter  with  the  equipment  in  1912. 

The  egg  supply  was  conveyed  to  the  breaking  room  in  the  usual  shipping  cases. 
Fillers  were  omitted ,  if  the  eggs  were  not  cracked .  These  containers,  and  particularly 
the  ones  used  for  checks,  carried  more  dirt  into  the  room  than  was  taken  in  by  any 
other  means.  The  galvanized-iron  buckets  shown  in  two  of  the  pictures  were  used 
experimentally  for  cracked  ^gs. 

The  breaking  outfit  used  during  the  latter  part  of  1911  had  been  improved.  (PL 
VIII,  fig.  1;  PI.  X,  fig.  1.)  The  tray  was  made  of  iron,  heavily  plated  with  tin.  The 
eggs  were  broken  on  a  piece  of  spun  brass  inserted  in  one  portion  of  a  tool -steel  breaking 
kaife.  The  whole  was  tinned.  It  was  notched  at  each  end  to  fit  over  set  screws  in 
the  two  uprights.  The  breaking  cups  were  made  of  spun  brass  plated  with  aluminum. 
They  were  supported  and  held  u  place  by  small  pieces  of  spun  brass  soldered  to  the 
bottom  of  the  pan.    These,  also,  were  tinned. 

The  pictures  show  the  position  of  the  cups  in  the  tiay.  The  one  under  the  breaking 
portion  of  the  knife  caught  the  drip  from  the  eggs  while  they  were  bring  cracked; 
the  second  imdemeath  the  separator  was  used  for  whites  and  the  one  next  for  yolks. 
The  fourth,  located  at  one  side  of  the  drip  cup,  was  used  for  soft  eggs.  If  the  eggs 
were  not  separated  the  fourth  cup  was  not  used.  On  the  lower  side  of  the  tray  at 
each  comer  were  soldered  pieces  of  metal  which  served  to  anchor  the  outfit  to  the 
breaking  stand.    The  latter  was  made  of  spun  brass  plated  with  tin.^ 

From  a  viewpoint  of  convenience  of  manipulation  and  ease  of  cleaning,  the  breaking 
outfit  was  v^  efficient.  One  defect,  however,  was  the  substituticm  of  metal  for 
glass  cups.    The  former,  on  account  of  being  opaque,  interfered  with  grading  in- 
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cipient  forms  of  deteriorated  eggs  such  as  "beginning  greens."  This  difficulty  was 
minimized,  however,  when  the  eggs  were  sex)arated  into  white  and  yolk,  because  a 
very  fadr  view  of  each  egg  was  obtained  during  the  process  of  mechanical  separa- 
tion. Inasmuch  as  by  fax  the  greater  part  of  the  commercial  product  of  this  house 
was  prepared  from  separated  stock,  this  imperfection  in  the  breaking  apparatus  was 
not  as  much  of  a  detriment  to  the  product  as  a  whole  as  would  be  we  case  if  used 
when  whole  egg  constituted  the  principal  output. 

After  the  ^gs  were  broken  they  were  pourea  from  the  cups  into  new  30-pound  cans, 
which,  after  one-half  day's  service,  were  cleaned  and  used  for  final  containers  of 
frozen  «;g.  The  tables  supporting  the  breaking  outfit  and  the  containers  of  the  shell 
eggs  and  liquid  ege  were  me  same,  with  a  few  modifications,  as  \ised  diuing  the 
season  of  1911.  A  tair  idea  of  the  construction  of  the  tables  and  the  arrangement  of 
the  apparatus  on  them  can  be  ascertained  from  the  pictures.  The  stools  were  of  sani- 
tary construction.  Particular  attention  had  been  given  to  the  height  of  breaking 
stands,  tables,  and  stools,  in  order  to  make  them  comfortable  and  convenient  for  the 
breakers. 

Three  new  sanitary  washbowls  installed  in  the  center  of  the  room  (PI.  VII)  were 
used  mostly  for  rinsing  yolk  from  separators;  a  fourth  (PI.  XI,  fig.  2),  located  under 
the  wash-room  window^  was  used  for  washing  hands. 

Linen  towels  about  six  inches  sauare  were  used  both  for  wiping  hands  after  washing 
and  for  drying  fingers  during  egg  oreaking.  A  towel  was  used  only  once,  then  laun- 
dered. A  supply  was  kept  on  racks  suspended  above  each  table  and  on  a  shelf  over 
the  washbowl  under  the  window. 

For  the  assistance  of  persons  contemplating  the  purchase  of  egg-breaking  equipment 
the  following  inventory  is  given  of  the  number  of  pieces  of  small  apparatus  used  by 
the  52  girls  of  this  breaking  room  during  the  season  of  1912: 


Breaking  knives 134 

Cups 379 

Trays 61 


Egg  separators 97 

Aluminum  spoons 57 

Finger  towels 4,320 


From  these  data  the  number  of  utensils  necessary  for  a  room  with  a  smaller  or  larger 
working  capacity  can  be  calculated. 

The  wasn  room  was  12  feet  square;  the  walls  were  plastered  and  covered  with 
enamel,  and  the  floor  was  made  ot  cement.  The  latter  sloped  toward  a  drain  located 
at  one  side  of  the  room.  The  washing  equipment  was  unique;  it  consisted  of  a  round- 
bottomed  sink,  two  revolving  brushes,  two  rinsing  devices,  a  steam  jet^  a  dair^  ster- 
ilizer, a  chute  for  transferring  clean  cans  to  the  breaking  room,  and  a  sliding  window 
for  pasBuij?  apparatus  back  and  forth  between  the  wash  room  and  breaking  room. 
(PI.  XI,  Eg.  2;  PL  XII,  figs.  1,  2.)  Tlie  equipment  was  so  arranged  that  it  saved 
time  and  labor. 

The  sink  was  supplied  with  an  abimdance  of  hot  and  cold  water  and  was  furnished 
with  ft  perforated  draining  rack.  A  pan  beneath  the  latter  conveyed  the  drippings 
back  to  the  sink. 

The  two  mechanical  brushes  were  driven  at  a  speed  of  about  300  revolutions  per 
minute  by  a  one-quarter  horsepower  motor  suppliea  with  reducing  belts.  One  of  the 
bmdiies  originally  designed  for  cleaning  milk  bottles  was  used  to  wash  breaking  cups; 
the  other  was  specialTy  constructed  bjr  bolting  ordinary  scrubbing  brushes  to  an 
idnminum  center  and  was  used  for  scrubbing  30-pound  cans  that  were  smeared  with  egg. 

The  device  pictured  in  the  extreme  right  end  of  ^e  sink  consisted  of  a  nozzle  and 
a  percussion  valve  connected  with  a  water  pipe.  When  the  nozzle  was  pressed  down 
the  valve  opened  and  water  sprayed  out.    This  mechanism  was  used  for  rinsine  cups. 

The  conical-shaped  fixture  at  the  left  of  the  can  brueh  was  supplied  with  Doth  a 
water  and  a  steam  jet  and  was  used  for  rinsing  and  steaming  large  utensils. 

Routine  of  Handling  Product. 

As  soon  as  the  preliminary  container  was  full  the  e^  were  transferred  promptly 
to  cool  surroundings.  The  whites  were  weighed  into  either  10  or  30  pound  cans  and 
immediately  conveyed  to  a  freezer.  The  yolks  and  whole  egg  were  poured  into  the 
mixing  chums  and  cooled  to  a  temperature  just  above  freezing.  If  the  liquid  was  to 
be  frozen  it  was  weighed  into  30-pound  cans  and  taken  to  a  freezer;  if  the  e;^  was  to 
be  desiccated  it  was  drawn  off  into  40-quart  milk  cans  and  taken  to  the  drying  room. 
The  product,  however,  was  kept  in  a  chill  room  if  any  time  intervened  between 
cooUne  and  desiccation.  The  desiccation  of  the  liquid  egg  has  already  been  dis- 
cussed in  detail  on  page  15. 
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Vi9it  No.  1  {first  week  in  May), 

Organization  of  wash  room, — ^The  new  washing  equipment  having  just  been  installed  t 
experiments  were  made  to  determine  the  qiuckest  and  most  enective  methods  of 
cleansing  the  various  utensils  used  in  the  breaking  room.  As  a  result  of  these 
experiments  and  observations  working  directions  were  prepared,  which  may  be  sum- 
marized as  follows: 

1.  Rinse  new  cans  in  running  water  and  steam  in  the  dairy  sterilizer  for  at  least 
10  minutes.  If  the  cans  show  visible  signs  of  uncleanness,  sudi  as  dust,  scrub  before 
rinsinf. 

2.  Wash  all  utensils  coming  in  contact  with  food  egg  in  clean,  lukewarm  water 
containing  soap  powder.  Use  the  revolving  brushes  for  cleaning  the  breaking  cups 
and  30-poimd  cans.  Rinse  the  cups  on  the  mechanical  rinser.  Wash  the  other 
apparatus  with  ordinary  scrubbing  brushes  and  rinse  in  running  water  from  the 
faucet.    Sterilize  all  the  apparatus  for  at  least  20  minutes. 

3.  Keep  the  brushes  sweet  by  frequent  sterilization. 

4.  Exercise  particular  care  m  scrubbing  and  rinsing  the  mixing  chums.  Run 
steam  through  a  steam  hose  into  each  chum  for  five  minutes. 

5.  At  noon  wash  spoons,  knives,  cups,  and  breaking  trays;  rinse  and  stedlize  all 
but  the  last.  Wipe  off  tables.  Put  new  sterilized  cans  on  them  in  place  of  those 
used  to  receive  the  broken  eggs  during  the  morning. 

6.  At  night  cleanse  all  apparatus,  sterilize  the  pieces  coming  in  contact  with  food 
egg,  and  perform  the  other  necessary  cleaning,  such  as  scrubbing  floors,  washing 
walls,  etc. 

Bacteriological  examinations  showed  that  the  chums,  after  beine  carefully  washed 
with  warm  water  containinff  soda,  rinsed  thoroughly,  and  steamedf  for  five  minutes, 
were  practically  sterile.  The  chums  were  so  constmcted  that  the  brine  could  not 
be  drawn  from  the  cooling  coils.  On  account  of  the  expansion  of  the  cold  liquid  it 
was  impossible  to  steam  the  chum  longer  than  five  mmutes  at  one  time.  Because 
of  the  importance  of  the  cleansing  previous  to  steaming  this  work  was  delegated  to  a 
picked  crew  of  girls. 

Experiments  similar  to  those  carried  on  in  the  new  waeh  room  were  imdertaken  in 
the  workroom  in  which  utensils  from  the  egg-drying  room  were  cleansed.  The  wash- 
ing equipment  for  this  work  was  located  on  a  drained  cement  floor  and  consisted  ol  a 
st^m  jel  and  a  sink  supplied  with  hot  and  cold  water.  All  apparatus  was  being 
thoroughly  washed,  but  not  rinsed;  the  larger  pieces  were  beine  heated  for  a  few 
seconds  over  the  steam  jet.  The  pieces  of  hose  used  to  convey  the  liquid  egg  from 
the  supply  tanks  to  the  troughs  feeding  the  belts  were  scmbbed  on  the  inside  with 
a  specially  devised  brush,  rinsed  and  steamed. 

Laboratory  tests  of  condensation  water  from  apparatus  washed  and  steamed  as 
described  showed  about  200  bacteria  per  cubic  centimeter.  An  examination  of  sterile 
water  passed  a  few  times  through  a  cleansed  hose  also  disclosed  several  hundred 
organisms  to  the  cubic  centimeter. 

Inasmuch  as  the  heating  of  apparatus  over  a  steam  jet  was  inconvenient,  time  con- 
sumine,  and  did  not  insure  sterilization,  a  box  sterilizer  was  planned,  so  that  the  snudl 
utensils  from  the  drying  room  and  the  milk  cans  used  to  transfer  the  liquid  ^g  from 
the  breaking  room  could  be  sterilized  for  20  minutes.  The  supply  tanks  to  ^e  belts 
were  too  large  to  put  in  the  sterilizer.    Consequently,  they  were  sterilized  by  passing 


steam  into  them  from  a  hose.  A  rinsing  jet  was  also  installed  in  the  sink.  These 
additions  to  the  washing  equipment  greatly  simplified  the  work  of  this  department. 

The  efiicient  operation  of  the  two  wash  rooms  insured  thorough  cleansing  of  all 
utensils  comine  in  contact  with  liquid  food  egg. 

Breaking  stock, — ^The  breaking  stock  of  this  house  consisted  of  small,  dirty,  and 
cracked  eggs  sorted  by  inspection  from  the  current  receipts  of  this  house,  its  seveial 
branch  houses,  and  a  few  neighboring  packers  who  did  not  have  facilities  for  egg 
breaking.  Tlie  firm  did  not  pay  for  leakers  and  moldy  eggs  occurring  in  *' checks" 
from  the  latter  source. 

The  breaking  stock  of  this  period  consisted  chiefly  of  cracked  eggs,  because  a  large 
percentage  of  the  small  and  dirty  eggs  \'ere  being  shipped  in  the  shell.  The  fino 
D^n  candling  checks  on  April  12,  1912,  and  current  receipts  on  May  6, 1912. 

Organization  of  breaking  room. — The  foreman  of  the  breaking  room  was  emin^itlT 
qiudified  for  his  position  on  account  of  his  training  and  executive  ability.  He  had 
been  in  charge  of  this  breaking  room  from  the  time  of  its  establishment,  and  previoafl 
to  that  time  he  had  supervised  a  candling  room.  Consequently,  he  was  famiiipt'  with 
the  various  classes  of  eggs  occurring  throughout  the  season. 
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At  ihiB  time  theie  were  about  ax  tables  in  use,  each  having  a  capacity  of  eight  girls. 
Inaflmuch  as  the  successful  operation  of  this  room  required  constant  detail^  super- 
vision, one  girl  at  each  table  was  made  responsible  for  the  work  of  the  other  seven , 
as  in  1911.  The  foreman  gave  his  orders  to  the  table  chief  rather  than  to  each 
individual  girl.  With  such  an  organization  it  was  possible  for  the  management  to 
inaugurate  changes  and  to  make  rules  for  routine  and  be  assured  that  they  would  be 
enforced. 

The  prodwet, — ^The  management  was  preparing  frozen  whites,  frozen  tanners'  egs, 
dried  ^Iks,  and  a  dried  mixture  compounded  from  one  part  yolk  and  two  parts  whole 
egg.    The  latter  product  was  termed  in  this  investigation  ' '  mixed  egg. '  * 

TVo  series  of  experiments  showed,  as  illustrated  in  Table  F-1  (Appendix,  p.  80), 
that  the  liquid  eg^  was  not  contaminated  as  it  passed  from  the  cans  on  the  breaking 
tables  throuRh  various  containers  to  the  drying  room. 

The  mixed  egg  sampled  for  these  observations  was  broken  from  cracked  eggs.  The 
bacterial  content  vaned  from  800,000  to  1,300,000  per  gram  in  the  different  samples. 
The  lowest  number  of  B.  coZt  observed  was  1,000  and  the  highest  100,000  per  gram. 

The  percentage  of  ammoniacal  nitrogen  found  in  two  samples  of  mixed  egg  was 
0.0017  on  the  wet  basis.  In  five  samples  of  whole  egg  used  in  the  preparation  of  this 
product,  the  amount  of  this  constituent  varied  from  0.0014  to  0.0017  per  cent.  These 
nitrogen  determinations  prove,  therefore,  that  the  classes  of  spring  eggs  used  in  ih» 
preparation  of  mixed  e^  were,  commercially  speaking,  fresh. 

Two  samples  of  desiccated  product  prepared  from  the  two  lots  of  mixed  cttg, 
taken  in  connection  with  the  study  of  outside  contamination,  contained  650,^ 
bacteria  per  gram  in  one  case  and  1,000,000  in  the  other.  These  coiints,  when 
divided  fy  3  to  make  them  comparable  with  liquid  egg,  indicate  Uiat  bacteria  were 
killed  during  desiccation.  The  moisture  content  averaged  11.85  per  cent  in  these  two 
samples  taken  directly  from  the  belts  and  4.32  per  cent  after  secondary  drying.  The 
bacteria  in  the  two  products  were  not  materially  affected  by  the  latter  process. 

Two  samples  of  desiccated  yolk,  as  nven  in  Table  F-II,  visit  1  (Appendix,  p.  81), 
showed  the  widely  diveixent  counts  of  71,000  and  17,000,000  per  gram.  The  latter 
count  was  probab\^  caused  by  mu  1  tiplication  of  bacteria  during  desiccation  because  t^e 
highest  number  discovered  in  19  samples  of  liquid-food  egg  was  not  over  1,300,000  per 
gram.    Later  samples  also  justify  this  supposition. 

Samples  of  white,  yolk  and  tanners'  egg  obtained  from  cracked  eggs  by  four  girls 
using  the  same  receiving  cans  gave  the  results  shown  in  Table  21,  visit  1,  which 
indicate  that  the  eggs  were  of  good  quality;  that  they  were  graded  carefully  and  that 
the  technic  of  breaking  was  clean.  Since  the  white  and  yolk  were  obtained 
from  only  two  cases  of  eggs,  the  counts  can  not  be  taken  as  an  indication  of  the  bac- 
terial content  of  the  g^eneral  output.  This  statement  is  verified  by  the  differences  in 
the  number  of  bacteria  in  various  lots  of  breaking-stock  eggs  opened  under  the  same 
conditions  as  the  samples  just  discussed.  For  example,  counts  of  600,  600,000,  and 
600,000  were  obtained  from  three  different  cases  of  checks,  and  300  and  600,000  from 
two  lots  of  seconds. 

VixU  No,  2  {May  tO  to  U). 

The  breaking  stock  consisted  of  one-half  small  and  dirtv  e^  and  the  other  half 
checks.  All  receipts  were  now  being  candled,  consequently  the  breaking  stock  was 
practically  free  from  deteriorated  eggs  with  the  exception  of  those  which  could  be 
detected  only  when  out  of  the  shell.  ^ 

After  the  new  box  sterilizer  was  installed  for  steaming  utensils  from  the 
room,  there  was  practically  no  contamination  of  the  product  from  improperly  cle 
utensils.  The  bacteria  in  the  liquid-food  eggs  were,  therefore,  due  to  the  organisms 
occurring  originallv  in  the  shell  eggs  and  to  contamination  during  breaking.  The 
problem  hencefortn  was  to  determine  to  what  extent  the  bacteria  from  these  two 
sources  could  be  eliminated. 

Since  the  previous  visit  the  management  had  changed  the  system  of  f;:rading.  Eggs 
showing  no  signs  of  deterioration  were  used  in  a  first-grade  product  m  the  form  of 
either  whole  em^  whites,  or  yolks.  Soft  eggs,  not  separable  into  white  and  yolk, 
were  used  in  the  whole  eggs  and  graded  a£  firsts.  A  typical  soft  egg  is  also  pictures 
in  Plate  XIV.  The  commercial  mixture  was  made  from  ^olks  and  whole  eggs.  A 
second-grade  food  article  was  prepared  from  drip  and  incipient  forms  of  sour,  moldy, 
green-wnite  egfi;8  and  all  eggs  of  a  doubtful  quality.  The  third  grade,  or  tanners'  egg, 
was  made  of  the  rejects  from  the  candling  and  breaking  room,  minus  eggs  witna 
strongly  objectionable  odor^  such  as  musty  eggs .  Since  good  eggs  nave  to  be  discarded 
when  a  bad  egg  is  broken  in  a  cup  with  them,  a  large  number  of  good  eggs  were  also 
present  in  the  tanners'  stock. 
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Three  conflecutive  samples  of  ''mixed  eg^"  taken  from  the  hose,  &om  the  dryii^ 
belts,  and  after  secondary  desiccation,  contained  6,800^000, 10,000,000,  and  21,000,000 
bacteria  per  gram,  respectively.  The  anmioniacal  nitrogen  in  the  liquid  egi^  was 
also  high  for  sprint  eggs.  These  results  were  the  exception,  for  a  second  sample, 
liquid  "'mixed  egg>  had  a  low  percentage  of  ammoniacal  nitrogen  and  showed  470,000 
bacteria  per  gram.  Additional  specimens  of  the  desiccated  product  contained  not 
more  than  800,000  in  four  cases  and  3,100,000  in  a  fifth.  The  results  cited  are  charted 
in  Tables  F-I,  F-III,  and  F-IV  imder  visit  No.  2.    (Appendix,  pp.  80,  82,  and  83.) 

Four  samples  taken  from  cans  on  the  breaking  tables  gave  interesting  results,  as 
shown  in  Table  21.  The  whites  and  yolks  had  a  higher  bacterial  content  than,  is  ordi- 
narily found  in  spring  eggs.  The  coimts  of  the  soft  and  second-grade  eg^  were 
35,000,000  and  27,000.000,  respectively,  whereas  the  amoimt  of  ammoniacal  nitrogen, 
as  calculated  on  the  dry  basis,  was  0.0084  and  0.0182  per  cent,  respectively.  It  will 
be  noticed  that,  although  there  were  more  bacteria  in  the  soft  ^ks,  they  did  not  show 
as  much  chemical  change  as  the  second-grade  product.  Tms  can,  perhaps,  be 
explained  on  the  groimd  that  even  sterile  eggs  show  an  appreciable  increase  in  loosely 
bound  nitrogen  alter  long  keeping,  due,  in  all  probability,  to  enzyme  action. 

Three  other  samples  of  the  second-grade  eggs  proved  to  be  heavily  infected  (27,  47, 
and  58  million  bacteria  per  gram),  as  illustrated  in  Table  F-V  (Appendix,  p.  84)  nnder 
visit  No.  2.  Since  the  water  content  of  this  grade  of  eggs  varies  with  the  amount  of 
drip,  or  albumen  contained  in  it,  the  chemical  results  must  be  calculated  on  the  dry 
basis  before  conclusions  can  be  drawn.  The  percentage  of  ammoniacal  nitrogen  in 
tiiese  three  samples,  thus  figured,  was  practically  identical  with  that  found  in  tannefs* 
egg  (0.0111  to  0.0182  per  cent).  Additional  samples  of  this  grade  of  egg  were  taken 
on  the  next  vidt. 

Visit  No.  3  {June  10  to  15), 

The  firm  b^;an  purchasing  its  receipts  on  a  quality  basis  on  June  1, 1912,  conse- 
quently shrunken  eggs  were  included  in  the  breaking  stock  as  well  as  sinall,  cracked, 
and  dirty  orgs.    The  checks  constituted  40  per  cent  of  the  ^gs  broken. 

The  candlers  were  doing  painstaking  work  as  usual;  the  girls,  as  a  whole,  were 
breaking  the  eggs  in  a  remarkably  clean  manner.  The  breakers  had  been  instmcted 
to  change  all  apparatus  after  eggs  put  into  the  second-grade  product.  This  precaution 
was  necessary  in  order  to  prevent  contamination  of  the  No.  1  product,  since  samples  of 
the  second  ^rade  taken  on  the  last  visit  proved  to  be  heavily  infectea. 

Three  senes  of  samples  taken  at  random  from  the  different  grades  at  one  breaking 
table  proved,  as  illustrated  in  Table  21,  that  in  all  but  one  case  whites,  yolks,  and 
whole  esgs  graded  as  firsts  had  a  low  bacterial  content.  The  one  exception  was 
sample  No.  -^11,  prepared  from  eggs  not  separable  into  white  and  yolk.  This  specim^i 
showed  14,000.000  bacteria  per  gram  and  0.0029  per  cent  ammoniacal  nitrogen  on  the 
wet  basis.    These  results  are  higher  than  those  ordinarily  found  in  food  c 


^   _  ecg  and 

indicate  the  presence  of  eggs  wnidi  should  have  been  put  into  the  secona^;rade 
product.  Tlie  latter,  as  given  in  Table  F-V  (Appendix,  p.  84)  and  Table  21,  showed 
deterioration,  bo^  bacteriologically  and  chemically,  as  would  be  expected  from  the 
low  quality  of  the  egge  used.  These  results,  with  the  exception  of  sample  No.  4511, 
indicate  that  the  grading  in  the  breaking  room  was  being  done  fairly  weU. 

Samples  taken  nom  component  parts  of  the  second-grade  product  gave  the  following 
results:  47,000  and  1,900,000  bacteria  per  gram  in  two  lots  of  drip ;  210,000,000  in  whites 
and  26,000,000  in  yolks  of  eggs  with  li^ht-green  albumens;  and  440,000,000  in  "Ix^in- 
ning  sour  **  eggs.  The  latter  contained  an  amount  of  ammoniacal  nitrogen  compaiule 
wim  that  found  in  tanners'  egg-  These  data  amply  explain  the  cause  of  tne  low 
quality  of  the  second-grade  eggs. 

Two  samples  representing  400  pounds  of  commercial  liquid  volks  had  less  than 
500,000  organisms  to  the  gram.  An  examination  of  similar  yolks,  before  and  after 
secondary  drying,  ^owed  the  astoundipgly  high  counts  of  110,000,000  and  95,000,000, 
respectively.  A  third  sample  had  a  similar  bacterial  content.  A  labwatory  exam- 
ination of  mixed  egg  from  tne  chum  disclosed  1,000,000  organisms  to  the  gram;  the 
same  test  applied  to  nine  samples  of  dried  mixed  egg  proved  that  44.4  per  cent  of  the 
counts  were  39,000,000  or  over.  These  results  i>oint  conclusively  to  multiplicatian  of 
bacteria  during  the  process  of  desiccation. 

Visit  No.  4  {July  1  to  6). 

Owinff  to  a  shortage  in  receipts,  the  firm  was  breaking  firsts  in  addition  to  the 
regular  breaking  stock.  The  latter  now  consisted  of  22.1  -per  cent  firsts,  41.5  per  cent 
seconds^  and  36.3  per  cent  checks. 

The  nrm  had  elaborated  the  system  of  che(*king  the  work  of  individual  workers  sd 
that  the  errors  of  candling  were  reduced  to  a  minimum.    Not  only  were  good  egp 
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saved,  but  bad  eggs,  detectable  by  the  candle,  were  practically  eliminated  from  the 
shell  eggjs  used  for  food  puipoeee. 

The  girls  were  doing  exemplary  work.  The  fact  that  laboratory  results  proved 
that  portions  of  the  No.  1  product  contained  eggs  which  properly  belonged  in  the  No.  2 
liquid  eggs,  or  pertiaps  tanners'  grade,  was  not  to  their  discredit,  because  of  the  prac- 
ticsll  impossibility  of  making  three  grades  of  eggs. 

A  sixth  series  of  samples  taken  from  the  grading  tables  showed  irreg^ular  results. 
The  whites  contained  29,000  bacteria,  as  compared  with  5,300,000  in  the  yolks. 
The  soft  ^gs,  however,  had  only  130,000,  which  number  proved  that  these  eggs  were 
being  graded  carefully.  The  sample  of  second^^ade  eggs  showed  consideri^v  less 
infection  and  less  decomposition  than  usual; 'the  bacterial  content  was  10,000,000 
per  gram,  and  the  percentage  of  ammoniacal  nitrogen  was  0.0052  on  the  dry  basis. 
The  chemical  analysis  also  proved  that  this  product  contained  84  per  cent  of  drip,  or 
albumen.  The  latter  always  gives  a  low  percentage  of  ammoniacal  nitrogen  and,  in 
many  cases,  low  bacterial  counts.  Three  samples  of  drip  taken  during  this  interval 
gave  the  variable  counts  of  10,000,  240,000,  and  13,000,000  per  pum. 

In  order  to  determine  the  cause  of  the  high  counts  observea  in  Hie  dried  product 
prepared  on  the  previous  visit,  seven  samples  of  mixed  e^  before  drying  were  taken. 
The  laboratory  examination  gave,  as  shown  in  Table  F-III,  a  minimum  number  of 
700,000  and  a  maximum  of  3,700,000  per  gram.  In  no  case  was  the  percentage  of  am- 
moniacal nitrogen  excessive.  It  would  appear  from  these  results  that  the  oacterial 
content  of  the liauid  stock  did  not  account  for  the  large  numbers  found  in  the  desic- 
cated product,  cix  samples  of  dried  yolks  and  11  of  desiccated  mixed  eeg  gave,  as 
shown  in  Tables  F-II  and  F-IV  (Appendix,  pp.  81  and  83),  in  all  but  wee  cases, 
counts  varying  from  14,000,000  to  200,000,000  per  gram. 

Three  series  of  samples  taken  of  tae  product  before  and  after  drying  showed,  in 
two  cases,  as  given  in  Table  F-VI  (Appendix,  p.  86),  imder  visit  No.  4,  a  considerable 
multiplication  of  bacteria  in  the  eggs  during  desiccation,  the  counts  increasing  from 
about  1,000,000  to  36,000,000  and  50,000,000  per  gram.  There  was  no  apparent  increase 
while  the  eg^  was  subjected  to  the  process  of  secondary  drying. 

The  foregoing  data  indicate  that  tne  high  counts  found  in  some  of  the  samples  of 
the  final  £ied  product  were  due  to  the  aevelopment  of  bacteria  in  the  liquid  egg 
during  desiccation.  The  preparation  of  dried  eggs  was  discontinued  ehortlv  after 
this  visitj  hence  the  study  of  the  conditions  leading  to  the  increased  number  of  oigan- 
isms  diinng  desiccation  could  not  be  continued  in  this  plant. 

VM  No.  6  (July  22  to  27). 

The  fifth  visit  to  this  house  was  made  during  the  week  b^;inning  July  22,  1912. 
The  breaking  stock  was  composed  of  about  one-half  firsts  and  one-half  a  mixture  of 
seconds  and  checks. 

There  was  a  Iwge  number  of  badly  deteriorated  eggs  in  receipts,  due  to  the  hot 
July  weather.  The  candlers,  with  few  exceptions,  were  doing  good  work.  The 
brokers  were  handling  the  eggs  in  a  clean  manner  and,  to  all  appearances,  were 
grading  the  eggs  properly. 

Two  series  m  samples  representing  egg  as  it  left  the  breakers,  as  recorded  in  Table  21, 
gave  the  usual  variable  results.  The  counts  of  the  white  and  yolk  in  the  first  series 
were  higher  than  was  found  in  any  two  similar  samples  taken  during  the  season  of  1912, 
over  7,000,000  per  gram.  The  fact  that  the  laboratory  found  no  S,  co/i  in  the  whites 
and  only  10  in  the  yolks  indicates  that  the  technic  of  breaking  was  clean.  The  large 
number  of  bacteria  may,  perhaps,  be  accounted  for  by  the  low  quality  of  July  receipte. 
The  soft  eggs  contained  half  as  many  and  the  second  ^rade  practically  the  same  number 
of  organisms  as  were  found  in  whites  and  yolks.  The  percentage  of  ammoniacal 
nitrogen  was  slightly  higher  in  the  second-^ade  product  than  in  the  soft  eggs.  A 
second  series  of  samples  gave  results  very  different  from  those  just  describeoT  The 
whites  and  yolks  contained  comparatively  few  organisms,  but  the  soft  eggs  and  the 
second-grade  product,  on  the  other  hand,  had  63,000,000  and  92,000,000,  respec- 
tively. The  amount  of  protein  decomposition  in  the  two  latter  samples  was  large,  as 
would  be  expected  from  the  high  counts  above.  The  two  series  of  samples  taken  on 
the  same  day,  but  from  different  tables,  illustrate  well  the  irregularity  of  the  grading. 
The  girls  were  conscientious,  experienced  egg  breakers.  The  results,  therefore,  show 
very  strikingly  the  practical  impossibility  of  commercially  making  two  uniform  grades 
of  food  e^. 

Table  F-VII  (Appendix,  p.  86)  gives  the  laboratory  results  of  nine  samples  of 
sugared  yolks  taken  from  the  mixing  chums.  Some  of  the  lots  were  broken  from 
firsts,  others  from  seconds,  and  still  others  from  a  mixture  of  firsts,  seconds,  and  cracked 
The  lowest  count  wa.s  34,000  from  firsts  and  the  highest  2,400,000  from  checks. 
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Intermediate  numbers  of  bacteria  were  obtained  from  the  yoYks  l»oken  frtHn  a  mix- 
ture of  the  different  claases  of  eggs.  The  chemical  analysis  in  all  cases  indicated  bat 
a  small  amount  of  protein  decomposition. 

Six  samples  of  soft  em  from  the  mixing  chums  and  buckets  contained,  as  shown  in 
Table  F-YIII  (AppencHx,  p.  87),  large  numb^Bof  organisms  in  three  cases  and  a  com- 
paratively low  number  in  the  others.  The  p^centage  of  loosely  bound  nitrogeo  in 
these  samples  varied  with  the  bacterial  count:  two  samples,  for  instance,  containing 
950,000 and  63,000,000  omniams  per  gram,  had  0.0018  and  0.0031  p^  cent  ammonia- 
cal  nitrogen,  respectively,  on  the  wet  basis.  The  latter  amount  is  not  ordioaiily 
found  in  food  eggs. 

In  order  to  study  the  various  classes  of  egss  making  up  breaking  stock,  lots  of 
15  dozen  each  were  broken  in  a  clean  manner  oy  expert  graders.  The  counts  were 
less  than  25,000  in  two  portions  of  firsts,  under  110,000  in  two  lots  of  seconds,  and 
2,200,000  in  one  sample  <A  checks.  The  amount  of  ammoniacal  nitrogen  in  all  ol 
the  samples  was  in  accordance  with  that  found  in  good  food  e^gs.  It  would  be  ex- 
pected that  the  counts  would  be  low  in  the  firsts,  somewhat  higher  in  the  seconds, 
and  still  greater  in  the  hot-weather  checks.     Since  all  receipts  become  lower  in 

2ualit^  as  the  season  advances,  the  July  firsts  are  not  comparable  with  April  firsts, 
'or  tms  reason  the  percentage  of  ammoniacal  nitrogen  is  lower  in  April  than  in 
July  eggs. 

Visit  No.  6  (August  H  to  17), 

The  sixth  trip  to  this  plant  was  made  during  the  week  beginning  August  12,  1912, 
when,  owing  to  the  lateness  of  the  season,  the  receipts  had  decreased  considerably. 
The  management  was  now  breakipg  51.9  p^  cent  firsts,  27.9  per  cent  seconds,  and  20.2 
p^  cent  cnecks.  On  account  of  the  extreme  warm  weather  the  en  supply  contained 
a  large  percentage  of  low-grade  eggs,  among  which  were  many  blood  nngs  and  eggs 
with  oroken  yolfe. 

The  vitelline  membranes  were  so  weak  that  it  was  a  difficult  matter  to  s^mrate  the 
eggs  into  white  and  yolk,  consequently  the  larger  jnoportion  were  canned  in  the  f<Hm 
<»whole  eggs. 

The  bacteriological  and  chemical  results  of  four  samples  taken  from  the  breaking 
tables  proved,  as  shown  in  Table  21,  that  the  grading  was  done  accurately.  The  oounts 
of  whites,  yolks,  and  soft  eggs  were  reasonably  low  and  that  of  the  second-grade  product 
v€ffy  high. 

The  bactwlal  content  of  four  samples  of  sugared  yolk  was  low  except  in  one  case 
(Table  F-VII).  Since  a  large  pe^ntage  of  the  output  now  consLsted  of  whole  em, 
several  samples  were  taken  of  this  proouct  after  it  was  mixed  in  the  chums.  TtSle 
F-IX  (Appendix,  p.  88)  shows  that  the  count  was  not  unusually  high  in  any  case  uid 
that  the  percentage  of  ammoniacal  nitrogen  was  in  accordance  with  the  amount  found 
in  good  breaking  stock. 

A  laboratory  stud;r  was  made  of  nine  samples  (d  liquid  egg  broken  from  three  different 
classes  of  eggs  making  up  the  breaking  stock.  The  eggs  were  broken  in  the  paddnf 
house  in  a  clean  manner  and  graded  carefully.  From  a  bacteriological  and  cnemical 
viewpoint  the  quality  of  the  liquid  product  was  very  good,  with  the  exception  of  two 
samples  of  cracked  eggs  and  seconds  (Nos.  4904  and  4908).  The  data  substantiating 
this  conclusion  are  comlated  in  Table  22. 

Tablb  22. — Different  classes  of  eggs  used  for  breaking  stock  (F  houses  1912 ,  msii  No,  6). 


Sample 
No. 

Desoriptiaa  of  sample. 

Date  of 
ooUeo- 
tkn. 

Bacteria  per  gram 
on  plain  agar  in- 
cubated at— 

Oas-pro- 
dudng 

nitrogen  (FoUd 
method). 

Mois- 
ton. 

20»C. 

87»C. 

Digram 

mlactose 

bOe. 

Wet 
basis. 

SSL 

4004 

...do 

...do 

...do 

Aug.     8 
Aug.     7 

600,000 

4,300,000 

850,000 

7,000 

240,000 

17,500 

400,000 

450,000 

5,100,000 

600,000 

4,200,000 

800,000 

6,500 

240,000 

Oat  1,000 

36,500 

420,000 

100,000 

1,000 

1,000,000 

10 

1,000 

ICO 

10 

100 

10 

Per.cL 

Psr.cL 

P«r.cL 

7L41 

4905 

do 

Cracked  eggs,  30  doton 

do 

Current  receipts,  30  dozen . . . 

Current  receipts,  12  dosen. . . 
do 

76. 9R 

4906 
4900 

0.0021 

a0064 

e7.s 

7L60 

4912 
4916 
4016 

.0016 
.0016 

.0060 
.0067 

9X» 
7106 

4944 

4936 

.0015 

.0068 

71  62 
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OONMTIONS  OBSBBVBD  IN  D  HOUSE  DURING  ^TWO  CONSBCUmrS  TBASa 

Season  of  1911. 
gonstbucnon,  equipment,  and  routenb. 

D  house  installed  during  the  winter  of  1910-11  a  breaking  room,  which  at  this  time 
was  the  only  one  of  its  kind  in  the  coimtry.  (PI.  VIII,  ng.  2.)  The  room  was  22 
by  28  feet.  It  was  insulated  with  cork  on  the  two  outer  walls  and  shavings  on  the 
two  inner  walls.  The  five  windows  in  the  room  were  insulated  with  five  glasses  and 
four  air  spaces,  the  outer  pane  being  of  prism  glass.  The  entire  room  was  of  concrete 
construction^  the  floor  being  covered  with  nonabsorbent  paint,  the  walls  and  ceilings 
with  white  enamel.  The  temperature  varied  from  60^  F.  to  65^  F.  The  door  of  the 
room  opened  into  a  passageway  which  was  divided  off  at  one  end  for  a  wash  room. 
Hie  sink  was  equipped  with  steam  table  as  well  as  hot  and  cold  water,  and  wire 
racks  for  draining  apparatus. 

The  breaking  tables  (PI.  VIII,  fig.  2)  consisted  of  gas-pipe  frames  with  slate  tops. 
Besting  firmly  on  these  were  galvanized  iron  stands^  also  with  slate  tope,  holding  tne 
small  breaking  trays  at  a  proper  height  for  convenient  work.  (PI.  X,  fig.  2.)  The 
breaking  pans  were  tin,  about  1  foot  square  and  about  3  inches  deep.  A  groove  at 
the  top  of  the  pan  hcdd  a  tin-bound  piece  of  one-half-inch  mesh  wire  cloth.  Across 
this  wire  cloth,  and  separated  by  two  tin  upri^ts  about  3  inches  high,  was  stretched 
ti^tly  another  piece  ot  heavy  tin,  thereby  dividing  the  top  of  the  tray  into  two  halves. 
On  this  piece  of  tin,  which  was  sharp,  the  eggs  were  broken.  Sherbet  cups  were  used 
to  receive  the  eggs.    The  whites  and  yolks  were  separated  by  the  shell  method. 

The  liquid  efg  was  collected  in  cream  pails  holding  30  pounds.  These,  when  filled, 
were  emptied  into  a  galvanized  chum  with  a  capacity  of  200  poimds  and  mixed  by 
hand  with  a  perforated  metal  dasher.  The  mixture  was  drawn  off  by  means  of  a 
creamery  feiucet  into  25-pound  tin  cans  and  immediately  transferred  to  the  freezer. 
Only  one  grade  of  food  egg,  and  no  tanners',  was  prepared. 

At  first  ful  cans  and  utensils  were  washed  and  steamed  for  one  minute  or  lees  on  the 
steam  table  whenever  changed.  Near  the  end  of  the  season  a  creamerysterilizer  was 
provided,  then  all  utensils  were  steamed  for  15  minutes  at  212^  F.  The  girls  wore 
uniforms  and  cape.  Paper  towjels  were  used  for  drying  fingers.  All  the  eggs  were 
chilled  before  candling  in  a  refrigerated  room.  The  supply  of  eggs  from  the  candlhog 
to  the  breaking  room  was  practically  continuous,  hence  there  was  no  time  for  dete- 
rioration between  candling  and  breaking.  About  15  filled  buckets  stood  overnight 
to  supply  the  breakers  early  in  the  morning.  No  egg  cases  were  taken  into  this  room, 
but  galvanized  buckets  holding  12  dozen  eggs  eacn  were  substituted,  because  they 
were  far  more  cleanly.    The  'vniites  and  yolks  were  separated  by  the  shell  method. 

The  force  consisted  of  one  foreman,  five  to  ten  breaking  girls,  one  or  two  women  to 
wash  apparatus,  one  messenger  boy,  and  two  candlers.  Approximately  26,000 
pounds  of  frozen  eggs  were  prepared  in  a  week. 

OOMPABISON  OF  COMMEBCIAL  AND  BXPERIMBNTAL  8AMPLB8. 

Table  D-I  (Appendix,  p.  94)  gives  the  laboratory  results  on  38  samples  of  white, 
yolk,  and  mixed  egg  prepared  imder  the  conditions  just  described.  Twenty-four 
of  the  number,  or  63.2  per  cent,  had  a  bacterial  count  below  1,000,000  per  gram  and 
the  rest  were  under  5,000,000.  The  quantitativje  tests  for  B.  colt  never  showed  over 
100,000  per  gram,  and  in  many  cases  the  number  was  considerably  lower.  The  snuJl 
amount  of  ammoniacal  nitrogen  found  in  the  different  samples  showed  that  the  eggs 
entering  the  product  were  of  good  quality.  The  laboratory  findings  confirmed  ue 
impressions  gained  by  the  observation  of  me  routine  in  use,  namely,  that  the  man- 
agement was  handling  the  egg  according  to  the  best  methods  known  at  that  time. 

Table  23  gives  five  series  of  experiments  showing  the  difference  in  bacterial  con- 
tamination of  egm  broken  commercially  from  clean  seconds  as  compared  with  the 
product  obtained  in  the  same  manner  from  dirty  eggs.  All  of  the  eggs  used  were  of 
about  the  same  freshness  as  shown  by  the  imiform  quantity  of  loosely  bound  nitro- 
gen in  the  different  samples.  Variation  in  quality,  therefore,  could  have  no  influ- 
^ce  in  these  tests  on  the  bacterial  counts.  The  results  in  four  out  of  five  cases 
flhow  that  the  or»misms  were  present  in  much  larger  numbers  in  the  product  from 
the  dirty  eggs,  although  &11  the  counts  were  fairly  low.  The  B.  coli  in  the  majority 
of  the  tests  were  also  more  plentiful  in  the  liquid  from  the  dirty  ^ggs. 
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Table  23. — CUan  eggs  compared  with  dirty  eggs  \D  Houses  1911). 


Sample 
No. 

Description  of  samples. 

Date  of 
collec- 
tion. 

1911. 

July  12 
...do 

July  11 
. .  .do 

Bacteria  per  gram 
on  plain  agar  in- 
cubated at— 

1 

Gas-     1 

producing: 

bacteSr, 

per  gram' 

in  lactose 

bile. 

Lique- 
fying 

organ- 
isms 
per 

gram. 

HI 

20' C. 

37«C. 

method, 
vet 

basis). 

243 

\\Tiole««j: 

Clean  shells 

Dirty  shells 

Clean  shells 

Dirty  shells 

Clean  shells 

Dirty  shells 

Clean  shells 

Dirty  shells 

Clean  shells 

Dirty  shells 

29.500 

19,000 

4,900 

190.000 

100,000 
67,000 
3,600 
140,000 
68.000 
2,100,000 

10 
10  1 
1,000  i 
100 
100 

100.  onn 

Percent. 
0.0017 

244 
234 

2,000 

.0017 
.0017 

235 

.0017 

353 

July  24  1       (1) 
...do.... '1,700.000 

July   25  1      10,500 
...do....     960.000 

July   26        77,000 

...do.... 14,700, 000 

1 

.0018 

354 

.0016 

373 
374 
385 

(>)       1               0  j 
810,000  '      10,000  1 
240.000  ,         1,000 
3,000,000,1.000,000 

10.000 
210,000 

.0019 
.0016 
•0018 

386 

.0020 

•Sterfle  at  1,000. 

The  same  difTerencee  in  bacterial  count  were  observed  in  the  drip  collecting  in  the 
bottom  of  the  tray  after  breaking  clean  and  dirty  eggs.  These  results  are  given 
in  Table  24. 

Table  24. — Drip  in  breaking  tray  from  clean  and  dirty  eggs  (7)  Houses  1911). 


Number. 

Description  of  samples. 

Date  of 
collection. 

Bacteria 

percram  on 

plain  agar 

incubated 

at  room 

temperature. 

Gas-producing 

bictoria 
per  gram  in 
bctosebfle. 

375 

I. 
Cl^an  <^gs  .  r 

July  26,1911 
do 

24,500 
32,500 
95,000 
81,000 

450,000 

410,000 

1,600,000 

600,000 

376 

do 

387 

do 

July  26,1911 
do 

1  000 

388 

do 

10,000 

377 

n. 

Dirty  %gs 

July  25,1911 
do 

July  26,1911 
do 

378 

do 

do 

3K9 

100,000 
1,000 

390 

do 

A  SPECIAL  STUDY  APPLYING    INFORMATION    OBTAINED    DURING  THE  BUMMSH  OF  ISttl  TO 

A  WELL-EQUIPPED   HOUSE. 

The  construction  of  the  room  in  D  house  was  excellent  and  the  equixnnent  cood. 
Cleanliness  could  be  maintained  and  the  work  people  were  flexible.  It  seemed  de- 
sirable, therefore,  to  put  into  practical  operation  in  this  house  the  inionnation  on  the 
handling  of  frozen  eggs  that  had  been  gathered  during  the  course  of  investigations  in 
1911.  The  first  week  of  September,  1911,  was  chosen  for  this  series  of  experiments. 
The  weather  in  that  section  of  the  country  had  been  very  hot  and  humid,  and  the 
deterioration  of  the  egg  supply  had  hastened  accordingly.  It  was  the  season  also  for 
the  tall  weeds  to  fall,  hence  many  stolen  nests  were  discovered  and  their  contents  sent 
to  market.  These  factors  combined  to  ^ve  a  supply  of  eggs  that  were  very  diflScult 
to  grade,  and  the  loss  in  both  the  candlmg  and  breatdng  rooms  was  heavy. 

The  candlers  and  breakers  have  an  inherent  tendency  to  keep  the  records  of  losses 
as  low  as  possible,  thinking  that  they  are  benefiting  their  employer  thereby,  hence  the 
candler  will  pass  eg^  that  should  be  discarded,  and  the  breaker,  after  throwing  away 
a  certain  number,  will  be^  to  save  e^s  that  she  would  not  have  used  had  their  number 
been  fewer.  This  condition  prevailed  in  D  house  at  the  time  of  the  experiments  and 
was  caused  by  the  sudden  influx  of  low-grade  eggs.    It  was  necessary,  therefore,  to 
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supervise  the  work  of  the  candlen  and  the  grading  of  the  breakers  as  well  as  to  instill 
the  fundamentals  of  bacterial  cleanliness  into  the  people  cleaning  the  apparatus. 

A  dairy  sterilizer  had  been  installed  and  it  was  found  that  20  minutes  at  210^  F.  was 
sufficient  to  render  cups,  cans,  and  breaking  knives  sterile.  All  apparatus  coming  in 
contact  with  the  ^k  was,  therefore,  subjected  to  this  treatment.  The  chum  in  which 
the  eggfi  were  mixed  and  the  pails  in  which  the  liquid  ege  was  collected  were  steril- 
ized at  noon  and  a£;ain  at  night  to  be  in  readiness  for  the  wShl  of  the  next  morning. 

It  was  observea  that  many  of  the  eggs  had  very  weak  yolks  and  some  had  cloudy 
whites,  but  the  greatest  number  of  rejecta  were  broken-down  blood  rings.  These  eggs 
were  difficult  to  grade  and  were  in  such  large  proportion  that  the  bresdcers  became  buc 
in  grading,  as  stated  before.  Utensils  were  clean,  but  the  hands  of  the  breakers  were 
wet  and  tneir  manipulation  of  the  eg^  was  not  exact. 

The  samples  in  the  first  section  of  Table  25  were  taken  when  the  conditions  just 
described  prevailed.  The  ammoniacal  nitrogen  was  not  high  and  the  bacterial  count 
varied  from  650,000  per  gram  in  the  white  to  2,300,000  in  the  yolk.  It  seemed  de- 
sirable, however,  to  investigate  the  Influence  on  the  bacterial  count  of  more  careful 
grading  in  the  breaking  room.  Samples  Nos.  652  to  654,  inclusive,  show  that  care  in  this 
quarter  alone  is  not  enough  if  there  is  poor  grading  in  the  candling  room,  as  the  counts 
still  vM-ied  from  220,000  in  the  white  to  1,800,000  in  the  mixed  egg.  Three  girls 
were  then  instructed  to  handle  the  eggs  in  the  usual  fsflhion,  but  to  ne  exceedingly 
careful  to  eliminate  every  doubtful  egg  and  to  replace  soiled  with  clean  apparatus 
whenever  an  egg  was  discarded — a  precaution  which  had  sometimes  been  neglected 
because  of  the  number  of  discards.  The  work  of  each  of  these  girls  was  tested  sepa- 
rately. The  number  of  bacteria  in  the  product  prepared  by  them  was  low,  as  is 
evidenced  in  samples  Nos.  661  to  666,  inclusive,  the  counts  exceeding  1,000  per  gram 
in  only  two  cases,  and  these  not  exceeding  310,000. 

Later  in  the  same  day  the  supply  of  eggs  coming  from  the  candling  room  was  plen- 
tifully sprinkled  with  undesiraDle  eggs — stuck  spots,  broken  yol&.  disintegrated 
blood  lings,  etc.  With  such  a  supply  two  of  the  girls  were  instructea  to  handle  the 
eggs  as  accurately  as  possible,  cracking  sharply,  turning  quickly  to  prevent  leakage, 
emptyinfi[  shells  neatly,  tod  keeping  fingers  clean  and  dry  by  means  of  tissue  paper. 
The  results  are  given  in  samples  Nos.  668  to  671,  inclusive.  The  counts  are  high;  in 
fact,  that  of  18,000,000  in  the  white  is  far  beyond  any  other  count  in  the  whole  series 
and  can  not  be  explained  by  any  observed  condition.  With  a  better  class  of  eggs, 
though  the  work  of  the  candlers  was  still  unsatisfactory,  samples  of  yolk,  white,  and 
mixed  egg,  handled  in  as  cleanly  a  manner  as  the  girls  were  capable  of,  gave  ti^e 
results  shown  by  samples  Nos.  672  to  674,  inclusive,  the  mixed  egg  running  up  to 
1,700,000  bacteria  per  gram. 

Closer  attention  to  grading  in  the  breaking  room  resulted  in  the  elimination  from  the 
output  of  the  house  of  many  eggs  that  were  considered  "doubtful."  They  were  col- 
lected in  a  clean  pail  and  examined.  Samples  Nos.  656,  679.  680,  and  681  show  that 
the  number  qf  bacteria  was,  in  all  but  sample  No.  680,  deciaedly  above  that  usually 
observed,  varying  from  1,600,000  to  19,000,000.  The  loosely  bound  nitrogen  was  not 
high.  The  eggs  ^ing  to  make  up  these  samples  had  soft  yolks,  disintegrated  and 
bleached  blood  rings,  milky  whites,  yolks  so  heavily  settled  that  they  were  almost 
adherent,  and  almost  all  of  them  showed  evidences  of  having  had  wet  shells.  The 
hot,  humid  weather,  and  eggs  from  stolen  nests  would  seem  sufficient  reasons  to  ac- 
count for  the  presence  of  these  deteriorated  eggs  and  their  number. 

Improvement  on  the  part  of  the  candlers  was  now  demanded.  Their  first  efforts, 
supplemented  by  careful  grading  and  handling  in  the  breaking  room,  were  encour- 
aging, as  indicated  by  samples  Nos.  675  to  678,  inclusive,  wiiere  the  output  of  only 
one  hresker  contained  enough  organisms  to  be  worthy  of  consideration,  that  is,  2,200,- 
000  per  gram,  the  others  varying  from  less  than  1.000  to  64,000. 

Still  more  exactness  on  the  part  of  the  candlers,  as  well  as  better  receipts,  and  the 
same  care,  with  the  better  work  that  practice  in  the  cleanly  way  of  holding  the  <»Eg 

g.ve  to  the  breakers,  yielded  the  output  samples  in  the  series  Nos.  682  to  690.  The 
tal  number  of  organisms  was  reduced  to  less  than  1,000  per  gram,  except  in  two 
specimens;  the  organisms  of  the  coli  group  were  almost  eliminated.  The  breakers 
worked  steadily  and  rapidly.  With  the  better  grading  in  the  candling  room  the  loss 
of  time,  due  to  changing  soiled  for  clean  apparatus,  washing  hands,  etc.,  was  saved, 
And  Uie  judgment  of  the  breaker  when  accepting  an  egg  as  satisffictory  was  more 
trustwortny. 
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Season  of  1912. 
changes  in  construction  and  equipment. 

The  construction  and  equipment  of  D  house  needed  but  little  furth^  alterati<m  to 
bring  it  into  accord  with  the  information  gained  during  the  previous  season.  One  of 
the  most  important  additions  in  equipment  made  during  the  season  of  1912  was 
the  installation  in  the  breaking  room  of  a  sanitary  washbowl  with  running  wat^-. 
This  convenience  saved  considerable  time,  because  formerly  whenever  a  girl  bit^e 
an  infected  egg  she  had  to  go  outside  of  the  room  to  wash  her  hands. 

In  the  season  of  1912  the  passageway  outside  the  breaking  room  was  c<Miv^ted  into 
an  anteroom  opening  into  the  breaking  room  on  one  side  ana  into  a  newly  constmcted 
freezer  on  the  other.  The  wash  room,  which  formerly  occupied  this  passage,  was 
transferred  to  a  laige  storeroom  into  which  the  third  door  of  the  anteroom  opened. 
The  fourth  door  of  the  anteroom  led  to  a  toilet  room  for  the  breakers. 

The  new  freezer  was  well  insulated,  the  walls  and  ceiling  were  enameled  white, 
and  the  floor  was  made  of  hard  maple.  Along  two  sides  of  the  room  were  brine-pipe 
racks  on  which  the  30-pound  cans  of  liquid  egg  were  set  while  freezing.  One  side 
of  this  room  is  pictured  m  Plate  XIII,  figure  1.  The  proximity  of  this  freezer  to  the 
breaking  room  greatly  facilitated  the  disposal  of  the  eggs  after  they  were  broken. 

CONDmONS  PREVAILING  EVERT  THIRD   WEEK  PROK  APRIL  TO  SEPTEMBER. 

Vint  No,  1  {May  6  to  11). 

At  this  time  the  breaking  stock  consisted  of  small,  cracked^  and  dirty  eggs  sorted 
from  the  current  receipts  of  this  house  and  other  houses  within  convenient  shipping 
distance. 

On  the  first  day  of  the  visit  the  eggs  were  not  being  candled.  It  was  observed  that 
the  girls  in  the  breaking  room  were  annoyed  by  the  nrequency  of  the  bad  ecgs  which 
couM  have  been  eliminated  by  candling.  The  management  on  the  next  day  b^gan 
candling  the  eggs  bought  from  other  houses  for  breaking  purposes.  This  change  in 
routine,  however,  only  partially  corrected  the  trouble  in  the  breaking^  room,  because 
the  work  of  the  candlers  was  inefficient  and  because  the  current  receipts  of  D  house 
were  not  graded  before  going  to  the  breakers. 

Most  ofthe  egg  breakers  had  worked  the  previous  season,  consequently  they  had 
received  the  benefit  of  the  week's  training  in  September,  1911,  when  they  were 
taught  the  principles  of  bacterial  cleanliness  as  applied  to  the  handling  of  a  food 
product  and  as  far  as  possible  the  essential  points  to  be  observed  in  the  grading  of  em 
out  of  the  shell.  These  instructions  were  codified  and  a  written  copy  given  eacn 
girl  to  be  followed  bv  her  in  her  work  during  the  ensuing  season.  Their  observance 
nad  considerable  influence  on  the  cleanliness  of  the  product.  In  substance  the  rules 
were  as  follows: 

1.  Hands  and  uniform  must  be  kept  clean. 

2.  Do  not  use  any  apparatus  coming  in  contact  with  food  egg  unless  it  has  previ- 
ously been  both  washed  and  sterilized. 

3.  Breaking  the  egos, — Grasp  the  egg  with  the  thumb,  first  and  second  fingers  of  the 
right  hand.  Give  tne  egg  a  quick  bBw  on  the  sharp  part  of  the  knife  with  sufiicient 
force  to  make  an  even  cut  just  through  the  shell  and  its  membrane.  Quickly  turn 
the  crack  upward  so  there  will  be  no  leakage  from  the  egg  while  it  is  being  trans- 
ferred from  the  knife  to  the  cup.  With  the  first  and  second  fingers  on  the  ends  of  the 
eggy  use  the  tips  of  the  thumbs  to  pull  the  two  halves  of  the  shell  apart.  To  empty 
the  shell  turn  each  half  directly  upside  down  so  that  they  do  not  touch  each  other 
and  drain  for  the  length  of  time  to  coxmt  one,  two,  three.  Do  not  let  the  cupe 
touch  the  knife. 

4.  When  separating  white  from  yolk,  have  three  cups  on  the  tray.  Put  two  on  the 
side  which  gets  the  best  light,  far  enough  back  to  be  able  to  crack  the  eggs  on  the 
knife  well  beyond  the  cups.  Put  the  other  cup  on  the  other  side  of  the  tray  behind  the 
breaking  place  on  the  knife.  Put  the  white  into  the  first  cup,  the  yolk  into  the 
second.  The  other  cup  on  the  opposite  side  is  for  soft  or  doubtful  eggs.  Never  sepa- 
rate dirty  eggs  by  the  shell  method. 

5.  JDryirig  fingers, —<)uiy  the  tips  of  the  fingers  should  touch  the  eggs.  They  should 
be  dried  frequently  on  tissue  paper. 

6.  Use  two  cups  and,  unless  bad  eggs  are  prevalent,  put  two  and  no  more  into  eadi 
cup  before  emptying. 

7.  Srtull  and  look  at  every  cup  of  eggs  carefully  before  emptying. 

8.  When  emptyina  cups,  pour  out  eggs,  then  touch  edge  of  cup  acainst  inside  of  can 
at  least  2  inches  below  the  rim.    Do  not,  therefore,  fill  cans  too  full. 

9.  Eggs  to  he  discarded.— yLusty,  moldy,  and  sour  eggs,  eggs  with  a  bloody  or  green 
white,  mixed  rots,  eggs  with  a  stuck  yolk,  white  rots,  and  eggs  with  a  bad  odor. 
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10.  Cleaning  after  a  had  egg, — ^Remove  all  pieces  of  apparatus  with  which  the  egg 
has  come  in  contact  and  wash  hands  before  getting  clean  equipment.  For  instance, 
if  the  infected  etgg  has  reached  the  cup,  a  recently  sterilized  Knife  and  cup  will  be 
required,  or,  if  the  egg  spattered  on  the  tray,  the  entire  outfit  will  have  to  be  replaced. 
When  a  bad  egg  is  present  in  the  cup  with  Rood  ones,  all  must  be  thrown  away.  Spoon- 
ing or  pouring  out  what  can  be  seen  of  a  bad  €«g  is  not  allowed. 

11.  Have  cups,  knives,  trays,  chum,  and  collecting  buckets  washed  and  sterilized 
at  noon  and  again  at  night. 

12.  Never  break  eggs  while  the  room  is  being  swept  or  for  one  hour  afterwards. 

The  girls^  eight  in  number,  were  apt,  intelligent,  and  desirous  of  learning  the  under- 
lying principles  involved  in  the  preparation  of  clean,  wholesome  canned  eegs.  Their 
work  at  this  time  was  good  except  in  one  detail — ^they  were  not  washing  minds  after 
every  discarded  eg^^  an  excusable  omission,  because  they  had  to  go  through  two 
doors  to  set  to  runmns  water.  This  inconvenience  was  obviated  when  tne  sanitary 
washbowl  was  installea. 

A  few  minor  pieces  had  been  added  to  the  list  of  breaking  equipment.    For  ex- 


i  cups  and  knives  and  the  other  for  the  same  when  dirty. 

The  sanitary  conditions  in  the  breaking  room  were  excellent.  Laboratory  tests 
showed  that  all  the  utensils,  after  sterilizuijBf  according  to  the  regular  routine^  were 
sterile  and  that  the  fir  was  practicall)r  free  from  bacteria.  The  latter  was  controlled 
by  fumigating  the  room  once  a  week  with  formaldehyde  and  potassium  permanganate. 

This  house  began  to  break  e^  about  April  10.  On  Apnl  17  three  samples  from 
checked  €^  were  taken.  Their  bacterial  examination  showed,  as  given  in  Tables 
D-II  and  D-III  (Appendix,  pp.  96  and  98),  under  this  date,  the  exceptionally  low 
count  of  5,100,  100,  and  200  oiganisms  per  ^ram  for  mixed  eg^,  white,  and  yolk,  respec- 
tively; and  no  B.  coli  in  the  sample  ot  white  and  only  100  in  the  other  two  samples. 
The  amount  of  ammoniacal  nitrogen  for  the  three  specimens  was  identical  with  that 
of  fresh  e^.  On  account  of  prompt  handling  and  cool  weather  the  cracked  eggs  had 
not  deteriorated  previous  to  breaking. 

Similar  samples  obtained  for  the  most  part  from  cracked  eggs  were  procured  durine 
the  regular  visit  in  the  early  part  of  May  when  the  output  per  day  was  one-thira 
more  uian  it  was  at  the  time  of  the  preliminary  visit.  The  laboratory  results  still 
showed  a  comparatively  low  bacterial  content,  as  indicated  in  Tables  D-II  and  D-III 
under  visit  No.  1,  but  Oiere  is  observed  an  increase  as  compared  with  the  count  of  the 
previous  samples.  The  white  contained  13,500,  the  yolk  64,000,  and  the  mixed  egg 
170,000  oiganisms  per  gram.  The  B.  coli  in  each  of  these  specimens  numbered  1,000 
per  gram.  There  was  also  slightly  more  loosely  bound  nitrogen  in  the  eggs  at  this 
period. 

The  differences  in  the  number  of  bacteria  and  the  ammoniacal  nitrogen  in  the  two 
lots  of  samples  are  almost  negligible  from  a  practical  viewpoint.  They  are,  however, 
readily  detected  by  laboratory  methods,  and  are  probably  due  to  an  increased  rate  of 
deterioration  in  the  cracked  eggs  because  of  warmer  weather. 

Fmf  No,  t  {May  t7  to  SI). 

The  second  series  of  observations  in  this  house  was  made  when  practically  all  the 
additions  and  changes  in  equipment  had  been  installed.  The  sanitary  washbowl  and 
the  remodeled  breaking  tray  were  in  operation. 

Plate  X,  figure  2,  shows  a  girl  at  work  with  the  remodeled  apparatus.  On  her  right 
in  a  gsJvanized-iron  pail  is  her  egg  supply;  at  her  left  on  the  table  is  the  25-pound 
cream  pail  for  the  liouid  egg,  ancT  on  the  floor  the  can  for  the  shells;  in  front  of  her 
on  the  DreakiEu;  stand  is  the  breaking  tray.  Underneath  the  stand  can  be  observed 
the  shelves  for  holding  the  supply  of  apparatus.  Over  the  girl's  head  is  suspended  a 
package  of  tissue  paper  (not  shown  in  picture)  for  drying  fingers. 

The  new  breaking  tray,  about  1  foot  square  and  2  inches  deep,  consists  of  a  copper 
pan  for  the  drip,  a  wire  screen  for  supporting  the  cups,  and  a  breaking  knife  of  boiler 
Bteel,  the  different  parts  being  arranged  as  pictured  m  Plate  X,  figure  2.  The  pan  is 
tinned  on  the  inside.  The  ends  of  the  blade  are  so  beveled  that  they  fit  into  V-shaped 
openings  in  the  two  uprights  on  the  screen.  One  end  of  the  upper  side  of  the  knife 
18  sharpened  for  about  3  inches.  An  egg  can  be  broken  on  this  edge  withou t  splintering 
the  shell  and  with  very  Uttle  leakage  nom  the  crack  while  the  egg  is  being  transferred 
from  the  knife  to  the  cup. 

This  firm  b^gan  buying  its  eggs  on  a  "  quality  basis  **  on  the  Ist  of  June.  The  lots 
coining  in  during  the  earuer  part  of  the  day  were  taken  to  the  candling  room,  which 
was  now  under  re&igerationand  immediately  graded;  those  received  late  in  the  after- 
noon were  kept  over  night  in  a  chill  room  at  about  32^  F.  and  candled  the  next  day 
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All  of  the  em,  however,  would  hare  been  chilled  24  hours  before  they  were  gnded 
but  tor  the  Su:t  that  many  of  the  vendon  iusiated  on  payment  on  the  date  of  the  ale. 

The  present  system  of  ouying  insured  the  grading  of  all  ^ss  going  to  the  breakii^ 
room.  The  breaking  stock  now  included  shnmken  eggs  canoled  out  of  recetpts  as  weu 
as  small  and  cracked  eggs.  On  account  of  the  dry  weather  there  were  not  many  dirty 
eggs  at  this  time.  There  were  but  few  badly  deteriorated  ^ggs  in  the  sumly.  conse- 
quentlv  the  work  in  the  breaking  room  was  not  materially  affected  by  tne  kind  of 
work  done  in  the  candling  room. 

The  maximum  daily  ouq>ut  of  canned  eggs  at  this  time  was  practically  the  same  ae 
the  first  week  in  May.  The  weather  had  not  yet  become  sufficiently  wann  to  produce 
many  seconds;  therefore,  the  supply  of  eggs  lot  breaking  purposes  was  chiefly  small, 
dirty,  and  cracked  egKs. 

In  two  ezperimentsin  which  both  the  white  and  the  yolk  of  the  egg  were  exam- 
ined, the  bacterial  count,  as  given  in  Table  D-III,  visit  No.  2,  (Appendix,  p.  96), 
was  not  higher  than  similar  samples  taken  in  April  and  early  May.  The  third  pair  of 
samples  had  in  the  white  1,500,000  and  in  the  yolk  950,000,  a  consideiably  nigher 
count  than  has  been  observed  heretofore.  The  B,  ooli  also  had  increased  decidedly. 
The  higher  count  in  tiiese  samples  may  be  due  to  the  foct  that  clean  and  dirty  eggs 
were  sent  together  to  tiie  breaking  room.  The  girla  who  were  separatuig  by  me 
shell  method  were  instructed  not  to  break  dirty  em,  but  they,  of  necesdty,  bad  to 
handle  them  and,  therefore,  fingers  were  soiled.  Tae  fact  that  there  were  more  bac- 
teria in  the  white  than  in  the  yoDc  lends  color  to  this  inference.  Previously,  when  die 
durty  eggs  were  more  plentiful,  the  candlers  sorted  them  into  lots  by  themselves  and 
they  were  broken  for  mixed  egg. 

Three  samples  of  mixed  egg  m>m  seconds,  as  recorded  in  Table  D-II,  under  viat 
No.  2,  (Appendix,  p.  96),  hada minimum  bacterial  content  of  320,000,  a  maximnm  of 
950,000  oiganisms  per  gram,  and  a  range  in  the  number  of  B.  coH  nom  1,000  to  10,000. 
These  counts  are  considerably  higher  wan  any  found  in  previous  samples;  the  amount 
of  loosely  bound  nitrogen  had  also  sll^tly  increased. 

Twelve  samples  of  mixed  eggs  taken  each  working  day  during  the  interval  between 
the  second  ana  third  visit  (seeTable  D-II,  under  datesMay  29  to  June  15,  inclusive), 
showed  no  material  increase  in  the  bacterial  content  ana  no  change  in  the  ammo- 
niacal  nitrogen.  In  fact,  many  of  the  counts  were  lower.  Six  of  tne  samples  con- 
tained less  tnan  400,000  bacteria  per  gram;  the  number  in  the  other  six  was  not  over 
2,200,000.  The  maximum  count  of  this  series  of  experiments  was  hi^er  than  has 
been  found  in  samples  taken  at  an  earlier  date,  but  the  average  was  about  the  same. 

ViaU  No.  S  {Jtme  17  to  tt). 

The  third  visit  was  made  between  the  dates  June  17  and  22,  inclusive,  when,  owing 
to  prolonged  cool  weather  and  a  ehortag^  in  the  egg  supply,  there  were  few  eecxmda  to 
be  used  lor  breaking.  The  number  of  girls  in  the  breakmg  room  had  been  reduced 
from  eight  to  four,  and  often  they  worked  for  only  part  of  a  day.  The  eggs  were  of 
good  quality,  so  the  grading  was  comparativdy  simple.  A  tanners'  grade  was  being 
made  of  the  discards  in  the  breaking  room,  llie  preparation  of  this  grade,  however, 
was  soon  abandoned. 

At  this  time  there  were  obtained  eight  samples  of  food  egg,  of  which  five  were  whites 
and  three  yolks.  The  laboratory  exanunation  showed  that  neither  the  bactmal  count 
nor  the  amoimt  of  ammoniacal  nitrogen  had  increased  when  compared  with  the  results 
obtained  from  similar  samples  taken  previously. 

Three  samples  were  also  taken  of  the  tanners'  eggs,  which^  as  would  be  expected, 
were  heavily  infected  with  bacteria,  the  number  ag^r^atin^:,  m  some  cases,  more  than 
100,000,000  per  gram.  The  hi^  amount  of  ammoniaoEd  nitrogen,  about  treble  that 
found  in  the  food  eggs  at  this  time,  indicated  to  ^diat  degree  the  material  had  deterio- 
rated.   These  results  are  given  in  Table  26. 


Table  26.- 


'Commercial  samples  of  tanners'  liquid  egg^^DiKoards  ficm  breaking  room 
(D  house,  mg). 


flam- 

i 

mteof 
ooUeo- 
tion. 

Bacteria  per  gram  on 
plain  agar  Inoubated 
at— 

Gas- 
bacteria 

bile. 

LIqneiying 
organisms 
per  gram. 

nitrogen 
(FoUn  method). 

Mois- 
ture. 

Bin  of 

20»C. 

37»C. 

Wet 
baste. 

sz. 

P*«. 

4S66 

4M1 
4600 

8 
8 
8 

June  17 
...do.... 
June  18 

110,000,000 
160,000,000 
89,000,000 

60,000,000 
68,000,000 

ao,  000, 000 

1,000,000 

10,000,000 

1,000,000 

20,000,000 
00,000,000 
6,000,000 

Perd, 
a  0047 
.0056 
.0039 

Per  a, 

0.0166 

.0157 

.OlM 

Per  a. 
60.81 
66.06 
6&7S 

Urn. 

m 
as 

?9 
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Some  experiments  were  conducted  during  this  week  to  check  the  cleanliness  of  the 
routine  dl  me  breaking  room.  For  this  investigation  four  samples  of  eggs  in  the  shell 
were  procured — one  en  clean  seconds,  one  of  cracked  em,  and  two  of  duty  eggs.  The 
samples,  consisting  of  12  dozen  eggs  each,  were  divided  equally  into  two  portions. 
One  was  broken  commercially  in  the  packing  house,  and  the  other  was  opened  asepti- 
callv  in  the  laboratory.  These  comparative  experiments,  listed  in  Table  27,  not  only 
indicate  the  superior  quality  of  the  breaking  stock  at  this  season,  but  also  show  how 
closely;  the  aseptic  methods  of  the  lab<»atory  can  be  approximated  under  commercial 
conditions. 

Tablb  27. ^Comparative  samples  of  eggs  opened  oommerdaUy  and  aseptioally  (2>  houses 

1912). 
(SamplaB  oolleotad  June  10, 1912.] 


fij 


DcBcrhytkni 
sixieoisam] 


and 


Baolerfemr 
gram  on  plain 
agar  incu- 
bated at- 


»•€. 


37»C. 


Oas- 
pro- 

Daotena 

nam  in 

lactose 

bile. 


LiqiMfying 
organisms 
per  gram. 


AmmonlMal 

nitronn 

(Fofin 

method). 


Wet 
basis. 


Dry 
bads. 


tore. 


Ncun- 


of 
dis- 


Hethodof 
opening. 


4873 
4573 
4685 

4878 

4879 
4S78 
4877 
4681 


VkUNo.$. 

Craoked,6donn 

....do 

Leakers  of  No. 

4573,  l|dosen. 
CIean8eooiids,6 

dosen. 
,.. ..do. ....... 

DlrtT,6dosen. 

do 

do 

.....do 


140,000 

aoo 

300 


75»000 
850 
100 


000        300 


0 

400 

300 

13,000 

150 


0 

400 

50 

3,000 


10 

0 

1,000 


0|     Oin  1,000 

0  in  1,000 
Oin  1,000 
Oin  1,000 
3,000 
Oin  1,000 


Ptrd. 

a  0019 

.0018 

.ocao 

.0010 

.0017 
.0017 
.0017 
.0017 
.0017 


Perct. 
a  0071 
.0005 
.0068 

.0060 

.0061 
.0065 
.0061 
.0063 
.0061 


PereL 
78L33 
73.00 
73.03 

73.00 

7X13 
73.85 
73.20 
73.87 
72.02 


2|  CommerdaL 
Aseptic. 
CommeroiaL 

Do. 

2|  Aseptk). 
0  Ck>mmeralaL 
0  Aseptic. 
'^  CommeroiaL 
Aseptic 


Vint  No,  4  (July  9  to  12), 

During  the  interval  between  the  third  and  fourth  visits  the  weather  had  been  wann, 
with  tbe  result  that  the  percentage  of  seconds  in  receipts  increased  and  many  of  the 
fertile  esgs  contained  hatdi  spots  or  blood  rines.  A  typical  heated  egg  is  pictured  in 
Plate  IlT  U.  8.  Department  of  Agriculture  Bulletin  No.  51.  On  account  of  ineffi- 
cient candling  many  olood  rings  found  their  way  to  the  breaking  room,  thereby  increas- 
ingthe  difiBculties  of  grading  as  well  as  necessitating  frequent  chimgee  of  apparatus. 

This  poor  work  led  one  to  suspect  that  the  candlers  might  be  just  as  careless  in 
throwmg  away  edible  em  as  they  were  in  not  eliminating  the  bad  em.  That  this 
suspicion  was  well  founded  is  shown  by  the  fact  that  when'two  cases  (^discards  from 
the  candling  room  were  broken  one  contained  9.7  per  cent  food  eggs  and  the  other 
the  astonishingly  high  percentage  of  29.4  per  cent.  This  was  too  great  a  loss  to  be 
passed  unnoticed,  th^uefore  liie  candliog  foreman  was  instructed  to  recandle  daily 
the  eggs  discarded  by  the  different  candlers.  This  work  was  a  part  of  the  candling 
room  routine  for  the  remainder  of  the  season. 

Up  to  the  present  time  the  ^irls  had  worked  practically  without  supervision  and 
according  to  the  instructions  given  them  at  the  Deginning  of  the  season.  Now,  in 
order  to  train  new  sirls  and  on  account  of  the  increased  difficulty  in  gnrading,  one 
of  the  cleanest  ana  most  experienced  egg  breakers  was  given  chuge  of  the  room. 
Her  duties  were  as  follows: 

1.  EnfcHTce  instructions  to  breakers. 

2.  Supervise  washing  and  sterilizing  of  apparatus  and  supply  of  same  to  breaking 
room. 

3.  If  a  breaker  is  dirty,  disobedient,  unable  to  grade,  or  inefficient,  consult  with  the 
management  regarding  ner  discharge. 

4.  If  candling  is  not  satisfactory,  report  to  the  management. 

5.  Decide  on  doubtful  esgs. 

6.  Supervise  cleaning  of  breaking  room,  toilet  room,  hallway,  and  wash  room. 
&unpie8  taken  during  this  visit  and  also  those  taken  by  an  employee  of  tlie  plant 

during  t^e  investigator^s  absence  showed  practically  no  change  in  the  bacterial  count 
or  the  amount  of  ammoniacal  nitrogen  of  tne  commercial  proofuct.  Previous  work  on 
hatch-^x)t  eggs  proved  liiem  to  be  nearly  sterile  when  opened  aseptically  and  to  con- 
tain low  quantities  of  ammoniacal  nitrogen.  Therefore  one  would  not  expect  that  the 
presence  of  a  large  percentage  of  these  eggs  in  the  breaking  stock  would  materially 
affect  either  its  bacterial  oHitent  or  its  chemical  composition. 
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Vmt  No.  5  (July  29  to  August  t). 

The  fifth  series  of  observations  was  made  when,  owing  to  a  prolonged  period  of  hot 
weather,  there  was  an  increased  supply  of  og^  for  breaking.  Many  of  uie  eggs  wefe 
distinctly  lower  in  quality  than  the  breaking  stock  previously  used.  The  regular 
candling  room  was  not  laige  enough  to  handle  all  the  eggs,  therefore  an  auxuiarv 
candling  room  was  establi^ed  in  one  comer  of  a  storeroom.  Not  being  refrigeratea, 
it  was  very  hot.  To  take  care  of  the  extra  supply  of  eggs^  new  candlers  were  required. 
From  this  fact,  together  with  the  increased  dimculty  m  grading  such  low  quality 
eggs,  it  could  be  predicted  that  laige  numbers  of  bad  Qggs  would  not  be  detected  and 
would  therefore  gain  access  to  tiie  breaking  room. 

An  observation  made  in  the  breaking  room  showed  that  41  bad  eggs^  or  9.5  per  cent, 
were  foimd  in  a  total  of  36  dozen.  These  should  all  have  been  eliminated  by  the 
candlers.  An  analysis  of  the  41  eggs  showed  that  thej  consisted  of  2  ens  amtaining 
mold  spots,  6  blood  rings,  13  white  rots,  and  20  eggs  with  an  adh^^nt  yolk. 

The  effect  of  so  many  bad  effgs  in  the  breaking-room  stock  is  shown  by  the  fact  that 
the  product  broken  from  the  lot  of  36  dozen  eggs  contained  20,000,000  oiganisms  per 
gram. 

An  investigation  in  the  candlingroom  showed  that  the  trouble  was  chiefly  ignorance 
on  the  part  oi  the  new  candlers.  By  working  with  them  for  a  short  time  and  pointing 
out  which  egffs  should  be  saved  and  which  discarded  the  number  of  bad  eggs  in  the 
breaking  stock  was  promptly  reduced. 

In  order  to  put  a  check  on  the  work  of  individual  candlers,  each  man  was  instructed 
to  place  a  tag  bearing  his  name  on  every  bucket  of  ^gs  candled  by  him.  Under  this 
system  the  work  of  an  individual  candler  could  be  traced  into  the  breaking  room. 
Under  this  regulation  the  men  worked  more  cautiously,  and  as  long  as  this  system  was 
in  use  the  work  in  the  candling  room  was  ^pteaXXy  improved. 

The  girls  in  the  breaking  room,  now  14  in  number,  were  doing  efficient  work  under 
the  supervision  of  the  new  forewoman.  The  oiganization  previously  described, 
including  a  forewoman,  had  been  in  operation  about  two  weeks.  During  this  time  ikie 
increased  efficiency  in  the  breaking  room  was  equivalent  to  the  vrages  of  the 
forewoman. 

U]}  to  this  time  one-half  of  the  girls  had  their  egg  supply  on  the  left  instead  of  on 
the  right  side;  observations  with  a  split-second  stop  watch  showed  that  1.8  seconds 
were  lost  for  every  four  esgs  broken  when  a  girl  reached  for  her  eggs  with  her  left 
rather  than  with  her  right  hand. 

Efftdmatinfl;  these  results  on  the  basis  of  a  10-hour  day,  a  girl  reaching  to  the  right  for 
the  ^xs  coiud  break  1.4  more  cases  a  day  than  she  couldf  ^en  working  toward  tiie 
left,  jfn  accordance  with  these  results,  all  the  apparatus  on  the  breaking  table  was 
rearranged  so  that  no  extra  motions  were  made  from  the  time  the  egg  was  removed 
from  the  i>ail  until  it  reached  its  final  container. 

The  majority  of  the  commercial  samples  taken  during  the  latter  part  of  July  con- 
tained not  only  more  bacteria  but  also  more  loosely  bound  nitrogen  tnan  did  any  pre- 
vious series  of  samples.  For  instance,  the  five  specimens  of  mixed  ^gs  coUecled 
during  the  investigator's  absence  and  ^e  five  collected  during  visit  No.  6  had,  as 
given  m  Table  D-II,  visit  No.  5  (Appendix),  an  average  count  of  1,400,000  orKanisms 
per  gram  as  compared  with  660,000  in  the  samples  taken  during  the  fi^t  hafi  of  tiie 
month.    The  white  and  yolk  samples  showed  an  even  greater  increase  in  bacteria. 

During  this  visit  there  was  received  one  shipment  of  72  cases  of  checks  which  showed 
a  combined  loss  in  the  candling  and  breaking  room  of  14.6  per  cent.  The  bacterial 
findings  given  in  Table  28  showed  that  the  product  from  these  ecgs  had  a  materially 
higher  bacterial  content  than  the  regular  product.  Many  of  the  eggs  were  moldy. 
They  were  obtained  from  a  shipper  who  had  gradually  sorted  them  out  of  his  recetpte 
as  unsuited  for  shipping  and  nad  therefore  sold  them  to  an  ^g-breaking  estaUiah- 
ment. 

Table  28. — Commercial  samples  of  low  quality ^  cracked  eggs  (D  houses  1912,) 


Sample 
No. 

Deecriptioa  and  size  of 
sample. 

Date  of 
coUeo- 
Uon. 

Bacteria  per  giam 
on  plain  agar  in- 
cubated at— 

Qas-pro- 
ducing 
bacter& 
per  gram 
In  lactose 
bile. 

AmmoniMal 

nitrogen  (Folin 

method). 

Moist. 

WC. 

37*0. 

Wet 
basis. 

.22. 

are. 

4855 
4856 

VisUNo.S. 

CnOLea  eggs,  125  pounds.. . . 

do 

Cracked  eggs,  100  pounds. . . . 

Aug.    1 

6,000,000 
4,800,000 
5,400,000 

5,500,000 
4,000,000 
4,300,000 

100,000 
100.000 
100,000 

Peret. 
0.0023 

Peret, 
0.0075 

PercL 

4886 

.0017 

.0003 

72.« 
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A  second  flhipment  of  checked  eggs,  which  had  been  in  commerce,  as  was  the  other 
shipment  citea,  but  obtained  from  a  different  shipper,  gave  similar  results.  The 
product  was  of  lower  quality  than  the  average  output  of  this  house;  hence  the  pur- 
chase of  such  eggB  was  promptly  discontinued. 

Vitit  No.  6  {August  19  to  24), 

The  sixth  and  last  visit  was  made  when,  owing  to  the  lateness  of  the  egg-laying 
season,  the  receipts  were  very  light. 

The  candlers  nad  become  careless  because  the  tag  system  of  checking  had  been 
abolished  when  the  force  was  decreased.  The  work  of  the  breakers,  however,  was 
as  good  as  during  the  last  visit,  because  ^e  organization  and  routine  of  the  breaking 
room  was  not  chaneed  even  though  the  number  of  girls  had  been  reduced. 

The  quality  of  me  breaking  stock  had  not  improved,  conseauently  the  coimts  of 
samples  procured  on  the  fifth  and  sixth  visits  were  practically  tine  same;  the  average 
count  of  the  10  samples  of  mixed  egg  taken  the  latter  half  of  July  was  12400,000  per 
gram;  of  the  same  number  of  sampt^  collected  during  the  visit  under  discussion,  it 
was  1,700,000  oi^^nisms  pet  gram  (Table  D-II,  Appendix,  p.  96). 

During  this  visit  a  gravity  type  trough  separator  for  whites  and  yolks  was  tried. 
This  device  did  not  prove  mechanically  successful  for  separating  warm-weather  eggs. 
Samples  of  white  and  yolk  separated  by  the  trough  metnod,  both  during  its  experi- 
mental stage  and  after  its  perfection,  gave  the  counts  listed  in  Table  29.  If  the  results 
under  visits  2  and  5  be  compared  with  the  counts  for  similar  periods  in  Table  D-III 
(Appendix,  p.  98),  which  gives  whites  and  yolks  separated  by  tne  shell  method,  it  will 
be  ooserved  that  in  all  cases  there  are  fewer  bacteria  in  the  samples  separated  by  the 
trou^  method.    Thb  is  particularly  true  of  the  number  of  B,  coli. 


Table  29. — Commercial  samples  of  whites  and  yolks 

{D  house,  1912). 


-Trough  method  of  separation 


Sample 
No. 

Description  and  slse  of  sample. 

Date  of 
colleo- 
tion. 

Bacteria  DOT 

gram  on  plain 

agar  incubated 

at— 

Oas-pro- 
duclng 
bacterb 
per  gram 
In  lactose 
bUe. 

Anmionlacal 

(Folfii 
method). 

Mois- 
ture. 

20*  C. 

37»C. 

Wet 
basis. 

^ 

4408 

VUit  No.  t. 

May  27 
...do 

1 1,600 
» 1,200 

S320,000 

noo,ooo 

>360,000 

nio,ooo 

27,000 
300,000 
600,000 
650,000 

490,000 
800,000 

150 
400 

190,000 

150,000 

330,000 

90,000 

22,000 
180,000 
660,000 
600,000 

360,000 
650,000 

»0 
UO 

« 1,000 

M,000 

« 1,000 

*0inl00 

1,000 

1,000 

0 

0 

1,000 
10,000 

Perct. 

0.0004 

.0033 

Perct. 

0.0031 

.0072 

PereL 
87.10 

4404 

Yolks  of  No.  4403, 15  pounds 

64.15 

4861 

Visit  No.  5. 

Whites,  seconds  and  cracked  eggs, 
20  pounds 

July  29 

...do 

July  30 
...do 

4862 

4868 

Yoilo  of  No.  4861, 20  pounds 

Whites,  seconds,  13  pounds 

.0080 

.0068 

56.06 

4860 

Yolks  of  No.  4868,  llpounds 

.0037 

.0083 

55.42 

41006 

Vi»U  No.  6. 
Whites,  seconds,  25  pounds 

Aug.  19 
...do 

41006 

Yolks  of  No.  41006, 15  pounds 

.0029 
.0008 
.0030 

.0067 
.0023 
.0066 

56.66 

41011 

Whites,  seconds,  18  pounds 

...do 

86.96 

41012 
41026 

YolksofNo.  41011,  ft  pounds 

Whites,  seconds  and  cracked  eggs, 
30  pounds 

...do 

53.64 

41027 

Yolks  of  No.  41026, 30  pounds 

.0027 

.0075 

64.06 

1  Comparable  figures  obtained  by  the  shell  method  of  separation  (Table  D  ni,  p.  08,  Appendix)  vary 
from  15,000  to  960,000  bacteria  in  the  yolks  and  from  60,000  to  1,500,000  in  the  whites,  B.  eoli  varying  from 
100  to  10,000. 

t  Conuparable  figures  from  the  same  source  show  a  maximum  bacterial  content  of  650,000  for  the  whites. 
2400,000  for  the  yolks,  and  from  100  to  1,000,000  B.  coli—tk  pronounced  superiority  of  the  trough-separated 
product. 

By  the  shell  method  the  egg,  during  the  shifting  of  the  yolk  from  one  half  ahell  to 
the  other,  is  sure  to  come  in  contact  with  the  fingers  of  the  breaker  and  the  outside 
of  the  shells,  both  of  which,  as  foregoing  statements  have  proved,  are  serious  sources 
of  contamination.  By  the  trough  method  the  egg,  on  the  other  hand^  comes  in  con- 
tact with  practically  nothing  except  the  cup  and  separator,  both  of  which  can  be  kept 
dean  by  mquent  sterilizing. 
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Table  F-II. — Commercial  samples  of  dried  yolk  before  and  after  secondary  drying^  1912, 
BEFORE  SECONDARY  DRYING. 


Sample 
No. 

No. 

Of 

visit. 

Date 
Of  col- 
lection. 

Bacteria  per  gram  on 
plain  agar  incubated 
at— 

Oas-pro- 
ducing 
bacter^ 
per  gram 
in  lactose 
bOe. 

Liquefying 
organisms 
per  gram. 

Ammoniacal 
nitrogen    (FoUn 
method). 

Mois- 
ture. 

20*  C. 

37«C. 

Wet 
basis. 

££. 

42321... 
4248 

May    3 
May    4 
May     6 
June  11 
June  22 

71.000 

17,000,000 

130  000 

110,000,000 

80,000,000 

28,600 
18,000,000 

51,000 
160,000,000 
89,000,000 

100 

10,000 

10,000 

100,000 

1,000 

Oin  100, 000 

100,000 

12,000 

Oin  10,000 

Oin  100, 000 

Percent. 
0.0017 

Percent. 
0.0018 

PercenL 
9.02 

4372 

4515S... 
4044 

.0063 

.0096 

13.40 

AFTER  SECONDARY  DRYING. 


4492... 
44B3... 
4518«.. 
4641... 
4643... 
4645... 
4646... 
4648... 
4097«.. 


8 

May  29 

3 

June  10 

8 

...do.... 

3 

June  12 

June  17 

June  19 

June  24 

June  26 

June  27 

Aug.  16 

29 


000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
900,000 
000,000 
000,000 
000,000 


10,000 
100,000 
100,000 

10,000 
100,000 
100,000 
100,000 

10,000 

100,000 

1,000 


25,000 
8,000 
10,000 
Oin  10,000 
Oin  10,000 
Oin  100, 000 
OinIOO,000 
Oin  100,000 
200,000 


.0056 
.0052 


.0052 


.0059 
.0055 


5.07 
6.25 
3.88 


.0055 


4.96 


1  Previous  run  to  Nos.  4225  to  4231.     *  Same  egg  as  Na  4518.     *  Same  egg  as  No.  4515.     <  Dried  yolk. 
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Bui.  224,  U.  S.  D«pt.  of  AfrHcutture. 


Plate  I. 


Fig.  1.— One  Drop  of  Water  from  a 
Saucer  Washed  in  Running  Water 
after  Receiving  a  BadIEqq.  (Reprint 
from  Circular  98,  Bureau  of  Chem- 
istry.) 


Fig,  2.— One  Drop  of  Water  from  Saucer 
Shelf.  (Reprint  from  Circular  98, 
Bureau  of  ChemistryJ 


Fia  3.— One  Drop  of  "  Drip"  from  Tray 
(B  House). 


Fig.  4.— Finger  Tips  of  Breaker 
(B  House). 


B  HOUSE. 
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Bui.  224,  U.  S.  Dept.  of  Agriculture.  PLATE  II. 


Fia  1  .—Edge  of  Washed  Tumbler 
(C  House). 


Fig.  2.— Finger  Tips  of  Breaker 
(C  House). 


Fig.  3.— Washed  Finger  Tips  after 
Crushing  Tanners'  Egg. 

C  HOUSE. 
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Bui.  224,  U.  S.  Dept.  of  AgricuKure.  PLATE  III. 


Fig.  1  .—One  Drop  of  Water  from  a  Fig.  2.— One  Drop  of  Water  from  a 

Washed  Pail  (E  House).  Clean  Pan  (E  House). 


Fig.  3.-ONE  Drop  of  Water  from  Sink  Fig.  4.— Finger  Tips  of  Breaker 

(E  House).  (E  House). 

E  HOUSE. 
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BjI.  224.  U.  S    Dept    of  Agri.jiture. 


Plate  VI. 
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Bui.  224.  U.  S.  Dept.  of  Agriculture.  PLATE  VIII. 
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Bui.  224,  U.  S.  Dept.  of  Agriculture. 


Plate  IX. 
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FiQ.  2.— View  of  Sterilizing  Room  Showing  Sink,  Drain  Rack,  and  Motor-Driven 
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A  SYSTEM  OP  ACCOUNTING  FOR  COOPERATIVE 
FRUIT  ASSOCUTIONS. 
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INTRODUCTION. 

There  are  already  several  hundred  cooperative  organizations  in 
the  United  States  handling  deciduous  fruits  and  produce.  New 
associations  or  exchanges  are  formed  from  time  to  time  as  the  farm- 
ers in  the  various  localities  begin  to  realize  the  benefits  to  be  derived 
from  the  cooperative  handling  and  marketing  of  their  products. 
Many  of  these  organizations  flourish  for  a  short  time,  but  each  year 
witnesses  the  dissolution  of  a  number  of  them.  These  failures  fre- 
quently can  be  attributed  either  directly  or  indirectly  to  the  lack  of 
a  proper  system  of  accoimting  and  the  subsequent  verification  of  the 
accounting  record  by  means  of  a  thorough  audit. 

The  system  outlined  in  this  bulletin  has  been  devised  to  meet  the 
requirements  of  the  smaller  organizations  handling  deciduous  fruits 
and  produce  on  a  commission  basis,  and  it  is  hoped  that  the  assistance 
given  will  lead  to  the  adoption  of  simple,  concise,  and  comprehensive 
methods  of  keeping  records  of  sales  and  reporting  the  proceeds  of 
such  sales  to  the  growers.  A  special  system  has  been  prepared  for 
the  requirements  of  the  potato  exchanges  which  buy  outright  from 
the  grower  or  pool  on  a  basis  of  the  day's  sales. 

While  the  system  here  given  is  sufficiently  flexible  to  admit  of  a 
great  deal  of  expansion,  it  will  not  cover  the  varied  needs  of  the 
larger  associations  of  the  West  and  Northwest,  where  the  cooperative 
handling  and  marketing  of  fruit  has  been  much  more  highly  developed. 
In  a  later  bulletin  the  department  intends  to  publish  a  discussion  of 

Non.— This  bulletfai  should  be  of  taiterest  to  all  cooperative  fruit  assoclatfons  throughout  the  country. 
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the  many  accounting  problems  of  the  larger  organizations  and  to 
submit  forms  to.  cover  their  needs. 

Two  methods  of  handling  the  records  of  settlements  with  the  grow- 
ers are  shown  in  this  bulletin.  The  first  method,  which  does  not 
provide  for  individual  ledger  accoimts  with  the  growers,  has  been 
tried  out  in  the  offices  of  the  Delaware  Produce  Exchange  at  Dover, 
Del.,  and  the  second  method,  which  provides  for  the  use  of  such 
accounts,  has  been  used  in  the  offices  of  the  Vii^inia  Fruit  Growers 
(Inc.),  of  Staimton,  Va.  The  reasons  for  the  change  in  this  particu- 
lar are  set  forth  fully  in  the  text. 

OBJECT. 

There  are  a  number  of  diflFerent  systems  now  in  use  in  cooperative 
organizations  marketing  deciduous  fruits  and  produce,  but  while 
these  serve  as  records  of  the  transactions,  no  provision  is  made  for  a 
proper  filing  of  the  papers  supporting  the  figures  appearing  in  the 
records.  Inasmuch  as  the  organization  acts  in  the  capacity  of  an 
agent  for  the  growers,  the  accounting  system  shoidd  be  so  arranged 
that  the  history  of  each  lot  of  fruit  or  produce  delivered  can  be 
easily  and  quickly  traced  from  the  time  it  is  turned  over  to  the 
organization  for  shipment  until  the  returns  are  paid  to  each  grower. 

A  system  providing  for  the  filing  together  of  all  papers  pertaining 
to  the  same  shipment  in  a  separate  folder  or  envdope,  where  they 
will  be  readily  accessible  for  reference,  will  be  found  to  be  much  more 
satisfactory  than  one  in  which  the  necessary  data  supporting  the 
figures  which  appear  on  the  books  must  be  procured  from  a  niunber 
of  diflFerent  files.  The  best  system  of  accoimts  for  any  busings  is 
the  one  that  secures  the  information  desired  with  the  least  effort. 
The  aim  has  been,  therefore,  to  devise  the  least  involved  system 
which  will  secure  the  information  essential  to  successful  management 
with  absolute  accuracy  and  promptness. 

Wide  divergence  in  accounting  needs  will  be  found  among  the 
various  cooperative  marketing  organizations.  This  is  particularly 
true  of  the  various  types  of  organizations  handling  deciduous  fruits 
and  produce.  It  has  been  the  aim  in  this  bulletin  to  give  a  system 
of  accounts  which  will  fill  the  needs  of  the  smaller  cooperative 
organizations,  acting  primarily  as  sales  agencies. 

MEMORANDUM  RECORDS. 

In  the  marketing  of  perishable  products  it  is  often  foimd  necessary 
to  divert  shipments  in  transit  from  one  consignee  to  another  in  the 
same  market  or  from  one  market  to  another,  or  a  car  may  be  for- 
warded as  a  ''tramp;"  that  is,  it  may  be  billed  out  subject  to  the 
shipper's  order  and  routed  in  such  a  manner  that  it  can  be  diverted 
easily  to  one  of  several  markets,  wherever  it  is  most  probable  that  a 
sale  will  be  made.    Owing  to  the  perishable  nature  of  the  product, 
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deterioration  may  set  in,  and  an  allowance  may  have  to  be  made 
before  the  consignee  is  vrilling  to  accept  the  shipment.  Demurrage, 
switching,  and  extra  icing  charges  may  accrue  in  transit,  and  these 
must  be  deducted  from  the  selling  price.  Fluctuations  in  market 
conditions  may  change  the  selling  price  even  after  the  shipment  has 
gone  forward.  Again,  cars  may  be  sent  out  to  commission  houses  to 
be  handled  on  consignment,  while  others  may  be  sent  to  the  auctions 
in  the  various  cities.  In  these  cases  the  net  proceeds  derived  from 
any  particidar  shipment  will  not  be  known  until  the  account  of  sales 
has  been  received.  To  take  care  of  all  these  contingencies,  a  system 
of  accounts  devised  for  a  cooperative  organization  which  markets 
deciduous  fruits  and  produce  must  be  very  flexible,  and  the  record 
of  sales  must  be  kept  in  memorandum  form  until  the  transaction  is 
consummated. 

Many  of  the  systems  now  in  use  are  built  around  a  form  generally 
known  as  the  sales  book.  In  this  book  each  sale  is  joiumalized,  a 
column  being  provided  for  charges  to  customers'  accounts  on  one 
side,  and  on  the  other  side  a  column  for  credits  to  the  growers' 
accounts,  for  commission  and  for  brokerage  due,  the  journal  entry 
being: 

Dr.    Purchaaer $700.00 

Or.    To  Growers |650. 75 

Commission 34.25 

Broker 15.00 

The  charges  to  the  accounts  of  the  purchasers  are  posted  in  detail 
during  the  month,  but  the  growers'  accounts  and  the  commission 
account  are  not  credited  with  the  net  proceeds  until  payment  is 
received  for  the  shipments.  In  order  to  establish  the  equality  of  the 
two  sides  of  the  trial  balance  at  the  end  of  the  month,  the  unpaid 
items  woidd  have  to  be  taken  into  consideration.  Or  the  posting  to 
the  ledger  is  carried  out  as  follows: 

Dr.    Purchaser $700.00 

Cr.    ToFruit $700.00 

Dr.    Fruit $700.00 

Cr.    To  Growers 665.00 

Commission 35.00 

These  entries  make  a  trial  balance  possible  at  the  end  of  the  first 
month,  but  to  obtain  a  balance  at  the  end  of  the  second  month  all 
items  recorded  during  the  previous  month  but  paid  during  the  second 
necessarily  woidd  have  to  be  taken  into  account  in  order  to  obtain  a 
balance. 

These  systems  are  found,  therefore,  to  be  entirely  too  rigid  for  use 
in  the  handling  of  highly  perishable  products  where  provision  must 
be  made  for  so  many  contingencies.  The  changes  on  the  sales  book 
are  made  necessarily  by  interlineations,  and  in  some  instances  these 
entries  are  so  confusing  as  to  be  impossible  of  translation.  Since  it 
is  difficult  to  obtain  a  trial  balance  at  the  end  of  each  month,  as  a 
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rule  no  balance  Is  attempted  until  the  close  of  the  season,  when  very 
oft^'n  it  is  found  to  be  out  of  the  question  to  secure  a  balance.  As 
the  difference  between  the  two  sides  of  a  trial  balance  may  be  made 
up  of  several  cx)mpensating  errors,  this  procedure  necessarily  must  be 
condemned. 

To  make  this  system  flexible  enough  to  take  care  of  all  such  con- 
tingencies, the  sales  book  has  been  discarded  and  an  envelope  system 
substituted  therefor.  The  record  up  to  the  time  of  the  receipt  of  the 
remittance  is  held  in  the  envelope  in  memorandum  form.  No  ac- 
c<)unt8  receivable  or  customers*  accounts  are  kept,  thus  doing  away 
with  the  many  adjusting  and  cross  entries  on  account  of  allowances 
and  changes  in  consignees. 

Objection  may  bo  raised  to  the  omission  of  accounts  receivable 
from  the  ledger  and  the  carrying  of  the  charges  in  the  form  of  memo- 
randa. This  method,  however,  would  seem  to  be  preferred  on  ac- 
count of  its  simplicity.  The  time  elapsing  between  the  date  of  ship- 
ment and  the  date  on  which  remittance  is  received  is  short  and  the 
number  of  shipments  unpaid  at  any  time  is  relatively  small,  all  of 
which  makes  it  an  easy  matter  to  locate  any  envelope  in  the  unpaid 
file  when  do^sired.  By  the  use  of  the  envelopes,  the  file  of  unpaid 
cars  Is  kept  coast  an  tly  before  the  oflBce  manager,  whereas  if  ledger 
accounts  are  kept,  the  old  balances  might  be  unnoticed  until  the  end 

of  the  month. 

nRST  METHOD. 

For  organizations  which  do  not  handle  growers'  supplies  at  all  or 
only  in  very  limited  quantities,  the  first  method,  under  which  no 
ledger  accounts  with  individual  growers  are  kept,  is  recommended. 
As  explained  under  ''Account  Sales''  (p.  14),  the  duplicates  of  the 
accounts  sales  rendered  to  the  growers  are  filed  in  folders  bearing  the 
names  of  the  growers  at  the  top,  and  from  this  file  any  information 
in  regard  to  payments  made  to  growers  can  be  obtained,  thus  elimi- 
nating tlie  necessity  of  posting  all  these  items. 

Tlie  plan  of  this  method  reduced  to  journal  entries  is  as  follows: 

CoAi $700.00 

To  Fruit 1700.00 

Tliis  entry  Is  made  when  cash  is  entered  on  the  Cash  Receipts  form 
and  extended  in  the  Fruit  column. 
The  next  step  is: 

Fruit 168.25 

To  Commiflsion $33. 26 

Broker 10.00 

Icing,  etc 25. 00 

This  entry  is  made  in  the  journal  and  credits  the  amount  of  com- 
mission due  the  exchange,  the  amoimt  of  brokerage  due  the  broker, 
and  the  amount  of  initial  icing  due  the  ice  company  to  the  respective 
accounts. 
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The  final  entry  is: 

Fruit $63L75 

ToCaah $63L75 

This  is  made  when  checks  are  drawn  to  the  growers  for  the  amount 
of  the  net  proceeds. 

Should  a  balance  exist  in  the  ledger  on  account  of  supplies  bought, 
and  should  it  be  desired  to  deduct  this  amount  from  the  account 
sales,  another  journal  entry  is  made  to  cover  the  transfer;  viz: 

Fruit $20.00 

To  Grower $20. 00 

for  the  amount  of  the  debit  balance  shown  on  the  particular  growers' 
account. 

The  plan  of  the  second  method  is  given  on  page  23. 

BOOKS  AND  SPECIAL  FOSMa 

The  following  books  and  special  forms  are  used  in  this  system : 
The  receipt,  manifest,  bulletin,  invoice,  car  envelope,  accoimt  sales, 
journal,  cash  receipts,  cash  disbursements,  stub  check  book,  and 
ledger.     Each  of  these  is  described  at  length  imder  separate  headings. 

THB   RBCBIFT. 

Upon  deUvery  of  fruit  by  the  grower  it  is  inspected  and  a  receipt 
^(Form  1)  is  made  out  by  the  inspector  or  agent.  This  shows  the 
name  of  the  shipping  station,  date,  car  initials  and  number,  grower's 
name,  quantity,  grade  and  kind  of  fruit  or  produce,  results  of  inspec- 
tion, and  inspector's  or  agent's  name.  It  is  made  in  dupUcate;  the 
original  is  sent  to  the  office  and  the  dupUcate  is  handed  to  the  grower 
for  his  record.  At  the  office  the  receipts  are  checked  against  the 
manifests  to  see  that  all  the  deUveries  are  accounted  for  properly.^ 

FORM  1. 

The  Rbcbipt. 


Frank/ord 

«*i.                         J^^^^                       lftl4 

- 

PRR 

car       No._.        .       .    -  ^^^^^    

Received  for  shipment  of 

T.  C.  Lunford 

1 

20cr.  XXXX 

Gandys 
Thb  Eureka  Pboduce  Exchange,  Ino.,^ 

No.  5. 

By             H.L.  SMITH,             ^gent, 

1  The  crops  handled  by  the  ezdumge  in  which  this  system  was  tried  out  were  strawberries,  cantaloupes, 
early  pears,  summer  apples,  and  sweet  potatoes  in  oar  lots.  As  these  crops  follow  each  other  without  oveiw 
limping,  this  simple  form  of  receipt  served  the  purpose  better  than  a  highly  involved  fonn. 

fl  This  name  is  a  fictitious  one  and  used  for  iUnstratlye  purposes  only. 
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THX  M  ANIFB8T. 

The  manifest  (Form  2)  is  written  up  bj  the  agent  as  the  car  is 
loaded,  and  shows  the  name  of  the  station  where  loaded,  date,  car 
initials  and  number,  growers'  names  and  addresses,  and  contents, 
segregated  as  to  grades.  It  serves  primarily  as  a  manifest  of  the 
contents  of  the  car,  but  later  the  distribution  of  the  returns  received 
for  the  shipment  is  made  on  this  form,  and  the  account  sales  are 
written  up  from  it.  The  total  of  the  amounts  to  be  distributed  to 
the  growers,  less  the  commission,  must  equal  the  ''amount  due 
growers,"  as  shown  on  the  car  envelope  (Form  5). 

The  receipts,  manifest,  and  original  and  triplicate  bills  of  lading 
are  sent  to  the  office  bj  the  agent.  When  disposition  has  been  made 
of  the  car,  the  name  and  address  of  the  consignee  is  placed  on  the 
manifest  and  the  shipment  or  envelope  number  is  also  inserted  at 
the  top  of  the  sheet. 

FOBM  a. 

Thb  Manifbst. 

THE  SUHBKA  PRODUCE  EXCHANOB,  INC. 
Auroray  Del, 


Shipt.  No.  -^• 

Franiford 

Rt^Hnn^ 

Junes,               1914. 

PRR    n^rNn  i06S39 

C^t}ngr\p^ 

H.  C.  Cannon  de  Co,,  PiUsburg^,  Pa, 

nnntente-                ^50  CT, 

8trawberrie$, 

^ 

8hipp». 

P.O.addicsi. 

Grade. 

Varirty. 

Net. 

xxz 

zx 

T.O.  L«nfrrd 

Fiteiklord. ....... . 

Omar 

20 

7 

43 
8 
10 
16 
10 
81 

8 

11 
1 
2 
0 

14 

15 

^^y 

Panoo 

ff 

Q«pdy........ 

t* 
« 

Paraon 

Olmax. 

Oandy 

HdenDaTfc.. 

gss 

fanon 

58.00 

w.  IT.  H*?M«1ri«y  \ 

21  00 

B.  n.  M«lton... 

Frankiord 

Baoboro 

23  60 

J.A.  Baniett. 

12.00 

F.A.  Looc. 

Hozana 

1&02 

F.A.  LoiiE 

it 

2.70 

5.40 

24.S 

L.  R.  Mnnm 

M.F.Waltoo 

OTnar.....x... 

5:  A.  wtoton;..::::::::. ::..:::::::...: 

124. 7t 

AmosBidt 

Franklort 

«( 

ft 
If 
fi 

TotaL 

6.3 
18.00 

F.A.  Hunter 

46.40 

Mn.  Helen  Wtoe 

2S.00 

R.Q.  Canton 

234.90 

R.  Q.Canton 

24.08 

190 

46 

16 

042.50 

THE  BULLETIN. 


The  bulletin  (Form  3)  is  a  record  of  orders  received  and  sales  made, 
and  is  kept  bj  the  sales  manager.  As  soon  as  a  car  is  loaded,  the  sales 
manager  is  advised  by  telephone  and  is  given  the  car  number,  con- 
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tents,  and  whatever  other  information  is  desired.  This  advice  is 
placed  on  the  bulletin,  and,  after  the  sale  has  been  confirmed,  for- 
warding instructions  are  given.  After  a  car  has  reached  its  detina- 
tion  and  has  been  accepted  by  the  consignee  that  portion  of  the 
bulletin  pertaining  to  the  shipment  is  detached  and  filed  in  the  car 


This  form  acts  as  a  register  of  orders  received  and  also  as  a  con- 
venient memorandum  of  shipments  previous  to  the  receipt  of  the 
manifests,  receipts,  and  bills  of  lading  which  are  mailed  to  the  ofiice 
by  the  agents  and  which  consequently  do  not  reach  the  ofiice  until 
the  following  day. 


roBM  t. 

The  Bulletin. 


Date,  June  8,  *U. 


PurchaMT. 
H.  C.  OmnoA  A  Oo. 

Stotkm. 
Frwtikfwd, 

Package.       Price. 

tsoxxxx^ 

Remarks. 
wOlpadui. 

PUtt^tWTfff  Pn. 

GarNomber. 
P.B.R,tOBSS9. 

Mi  XXX      & 

Route, 

Penna, 

IS  XX          & 

Brokv, 

Date  Draft 

d 

Amoont $ 

PuohaMr. 
Laiorenee  Com.  Oo. 

Statkm. 

Package.        Price. 
i79XXXX% 

Remarks. 

BcmUoi^f  Pdt 

GarNomber. 
X.  V.45W9. 

St  XXX      d 

Boate, 

9XX           # 

Broker, 

Date  Draft. 

% 

Amoont .t 

Pundiuer. 

Station. 
Ddmar. 

Package.        Price. 

mxxxx^ 

Remarks. 

GarNomber. 
P.  R.  R,  tOMSO. 

SB  XXX       @ 

B9XX          @ 

« 

Roate, 

Date  Draft. 

9 

Broker, 

Amoont $ 

' 

THE  XNYOICB. 


When  the  original  receipts,  manifest,  and  bills  of  lading  reach  the 
ofiice,  an  invoice  (Form  4)  is  made  out  in  duplicate,  the  original  is 
sent  to  the  customer,  and  the  duplicate  retained  for  filing.  In  case 
a  draft  is  made  to  cover  the  shipment  the  invoice  is  made  in  triplL 
cate  and  a  copy  is  attached  to  the  draft. 
^'SSW?— Bull.  225—15 2. 
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fOBM  4. 

Thb  Invoicb. 


THE  EUREKA  PRODUCE  EXCHANGE,  INC., 

PBODVCBB'8  AQENCT  rOB 
BXSBIB8,  TOTATOEB,  ATHMB,  PBABS,  PKACHBS,  0&APB8,  MXLOMS,  CAMTALOUPES,  ETC. 

Terms:  StrioUy  cash.  All  goods  told  L  o.  b.  our  shipping  points. 

Gbnbbal  Officbs, 
Aurora,  Del.,  June  8 ^  1914- 
Sold  to  H.  C.  Cannon  &  Co., 

PitUburg,  Pa. 

180  Crates  StrawberrieB  (Gandy)  ®  $2.85 $513.00 

70       "  "  @$1.85 129.50 

Befrigeration 25. 00 

667.50 
Car,  P.  R.  R.  105539. 
Routed  Penna. 

thb  car  bnvblopb. 

All  papers  relating  to  the  same  shipment  are  filed  in  a  car  envelope 
(Form  5).  Tliis  includes  tJie  original  growers'  receipts,  dupUcate 
invoice,  triplicate  bill  of  lading,  manifest,  portion  of  bulletin,  copies 
of  telegrams  and  correspondence,  and  all  papers  and  data  relating 
to  the  shipment.  On  the  envelope  are  shown  the  name  of  the  ship- 
ping station,  date,  shipment  number,  car  initials  and  number,  date 
of  invoice,  name  of  consignee,  destination,  routing,  diversion,  second 
destination,  new  routing,  amount  of  refrigeration  (initial  icing,  where 
charges  do  npt  follow  the  car)  and  date  on  which  paid,  contents, 
broker's  name^  date  of  draft,  amoimt  of  draft,  or  amoimt  of  invoice 
(if  on  open  account),  and  remarks.  It  bears  on  its  face  a  full  record 
of  the  shipment  and  contains  all  papers  supporting  these  figures. 

The  envelope  is  placed  in  the  "impaid  file"  imtil  remittance  is 
received^  when  it  is  taken  from  this  file  and  the  amount  of  the  remit- 
tance, date,  and  cash-bods  page  is  shown  thereon  under  "  credits."  ^ 
Entry  is  then  made  in  the  cash  book  showing  the  name  of  the  remitter, 
shipment  and  car  number,  and  the  amount  of  the  remittance,  which 
is  extended  in  the  fruit  cdhpm.  The  entry  recording  the  receipt 
of  cash  is  the  initial  record  bf  the  shipment  entering  the  books  of 
account,  the  envelope  and  papers  contained  serving  as  a  memorandum 
record  up  to  this  time. 

After  this  the  envelope  is  stamped  "Paid,"  and  the  amoimtsof 
commission,  brokerage,  icing,  etc.,  are  entered  thereon  imder 
"debits."  The  difference  between  the  amoimt  received  and  the 
charges  against  the  shipment  is  the  "balance  due  growers,"  which 
is  also  shown  imder  "debits." 

1  The  use  of  the  words  "  debit''  and  "credit"  in  this  connection  is  arbitrary.  The  returns  received  from 
the  shipments  are  called  credits  and  the  changes  against  these  receipts  are  called  debits,  the  balance  Ttgn- 
amtiag  the  amount  standing  to  the  growers'  credit. 
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A  joumal  entry  is  next  passed  as  follows: 

Dr.    Fruit. 

Cr.    Commission. 

Icing  (credit  party  furnishing  initial  ice). 
Brokerage  (credit  broker). 

Letters  of  remittance,  account  sales  from  commission  houses, 
requests  for  allowances  and  correspondence  relating  thereto  are  all 
filed  in  the  envelope.  Tliis  envelope  is  a  very  satisfactory  record 
to  place  before  a  grower  in  case  he  desires  further  information  regard- 
ing one  of  his  shipments,  and  is  also  a  complete  and  comprehensive 
record  for  tJie  auditor. 

fOBM  8. 

Thb  Cab  Envelope. 


station. 


Frankford    Date      June  8, 1914 


Shipmeiit  No.. 
Car  Initial 


49 


PRR 


No._ 


106599 


BmS6nt_ 
Consignee. 


sm4 


H.  C.  Qwmon  A  Co., 


Destination. 


^Pittabwrgh,  Pa. 


Rooting. 


Penna. 


Dirertedto. 
Destination. 


Rooting. 


ReMgeretioii. 


Contents. 


U.00 


Paid^ 


160  XXXX    90  XXX    Gand9» 


10  X  XXX   MB  XXX    IBXXPanon 


10  XXXX  CUtM*    10  XXXX  nOen  Davit 


Sow  by. 


Date  Draft. 
Remark8__ 


Amt.Inyoice 
Amt.  Draft  _ 


667.60 


Exeetlent  Hoek 


Date  Paid. 


6IU 


C.B. 


U 


Credits. 


667.60 


Commission. 
Brokerage... 
Icing 


Due  growers. 


Jnl. 


Debits. 


M.ii 


25 


610.68 


Total. 


697,60 


Total. 


667.60 
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THB  JOURNAL. 

An  eight-column  journal  (Form  6)  has  been  provided  with  the 
following  captions: 


DEBIT. 

CREDIT. 

Sundries. 

Sundries. 

Fruit. 

Merchandise 

Merchandise. 

Ck)mmission. 

Fruit  P.  &  L. 

Fruit  P.  AL. 

The  debit  and  credit  Simdries  columns  are  for  all  items  other  than 
those  for  which  columns  have  been  provided. 

The  Fruit  column  on  the  debit  side  and  the  Commission  column 
on  the  credit  side  of  the  journal  were  introduced  to  accommodate 
the  journal  entries  covering  charges  for  commission,  icing,  and 
brokerage  as  shown  in  the  explanation  of  the  car  envelope.  All 
items  chargeable  to  Fruit  accoimt  are  extended  in  the  Fruit  column; 
items  of  commission  to  be  credited  to  Commission  account  in  the 
Commission  column  and  items  of  icing  and  brokerage  in  the  credit 
Sundries  column.  The  advantage  of  the  method  of  collecting  these 
items  in  columns  and  posting  the  total  to  the  ledger,  over  that  of 
posting  them  in  detail  direct  from  the  car  envelope,  is  obvious. 

All  transactions  involving  the  purchase  and  sale  of  merchandise  are 
journalized,  the  debit  Merchandise  column  being  used  for  purchases 
and  the  credit  Merchandise  column  for  sales. 

The  debit  and  credit  columns,  Friiit  P.  &  L.  (Fruit  Profit  and 
Loss),  were  introduced  for  the  specific  purpose  of  taking  care  of  the 
profits  or  losses  sustained  on  fruit  which  is  bought  outright  by  the 
association.^ 

1  Owing  to  certain  local  conditions  and  customs,  the  Exchange  in  which  this  system  was  tried  out  boyi 
some  of  the  crops  outright  from  the  growers,  while  the  others  are  handled  on  a  commission  bas^  It  may 
also  happen  that  some  oars  will  contain  both  fruit  bought  and  fruit  to  be  handled  on  oommissioa.  By 
opening  this  account  to  hold  all  items  of  profit  and  loss,  the  Fruit  account  is  kept  dear  of  these  glanmt!!, 
and  the  equilibrium  of  the  two  sides  of  the  Fruit  account  will  show  that  returns  have  been  made  in  fall 
to  the  growers  for  all  proceeds  received  for  their  shipments.  A  credit  balance  appearing  on  Fruit  aoooont 
at  the  end  of  a  month  would  indicate  money  received  but  for  which  no  pajrments  as  yet  had  beoi  made  to 
the  shippers.  This  method  also  shows  the  profit  made  or  loss  sustained  on  each  shipment  bought  outrigbt- 
Except  where  such  a  condition  exists — that  is,  where  the  exchange  handles  shipments  on  some  other  thin 
a  regular  oommissicm  basis  and  an  element  of  profit  or  loss  arises— these  columns  will  be  found 
superfluous. 
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Dr. 


FORM  6. 

JOURNAL. 


Or. 


Fmit 
P.AL. 

1 

Mer- 

chan- 
dise. 

2 

Fruit. 
3 

Sun- 
dries. 

4 

L.F. 

June  25, 1914. 

L.F. 

Sun- 
dries. 

5 

Mer- 
chan- 
dise. 

6 

Com- 
mission. 

7 

Fruit 
P.AL. 

8 

10. 00 

400.00 

300.00 
57.12 

24.00 
19.00 

34&.50 
10.00 

Amount  brought 
forward. 

Fruit  or  P.R.R.T,«„ 

Commission 

Eastern  Ice  Co.... 

Fruit  ^L.y.-gtfn, 

Commission 

27 
BOlsRec. 

A.B.Dicks. 

Note  at  6%  due  in  60 
daysibr  1913  account. 

Fruit  car  P.R.R.  yHKr 
Commission  . . 

425.50 
25.00 

10.00 

320.00 

296.00 
32.12 

24.00 
19.00 

14.00 

10.00 

400.00 

400.12 

35S.60 
40ai2 

400.00 
10.00 

460.50 

371.12 

320.00 

14.00 

320.00 

371.12 

14.00 

Fruit. 

Merchandise 

FrultP.&L 

1,166.62 

1,166.62 

1.  FrvUP.  Ss  X.  Debit  Fruit  Profit  and  Loss  account  at  the  end  of  month  with  the  total  of  this  column. 

2.  Merdumdite.  Debit  Merchandise  Purchases  account  with  the  total  of  this  column. 

3.  FruU.  Debit  Fruit  account  with  the  total  of  this  cohmm. 

4y  5.  Sundriet.  Items  appearing  in  these  columns  are  posted  individually  during  the  month  to  the  debit 
or  credit  of  the  respective  accounts. 

6.  Merdiandiie.  Credit  Merchandise  Sales  account  with  the  total  of  this  column. 

7.  CumnUBtUm.  Credit  Commission  account  with  the  total  of  this  column. 

8.  Fruit  P.  Ss  L.  Credit  Fruit  Profit  and  Loss  account  with  the  total  of  this  column. 

THE   RECORD   OF  GASH. 

Separate  forms  have  been  provided  for  the  recording  of  cash 
receipts  and  cash  disbursements,  as  the  ruling  of  the  two  forms  is 
different  and  in  some  months  more  of  one  fonn  may  be  used  than  of 
the  other.  This  would  be  the  case  particularly  if  the  stub  check 
book  should  be  discarded,  the  cash  disbursement  sheets  used  as  a 
check  register,  and  all  checks  registered  thereon,  instead  of  being 
written  up  on  the  check  stubs  and  then  entered  in  the  cash  book. 
Owing  to  the  comparatively  small  number  of  checks  issued  during  the 
slack  season,  the  use  of  the  stub  check  book  seems  preferable  to  the 
other  method.  The  method  used  in  this  system  is  further  explained 
imder  '^Cash  Disbursements,*'  page  12. 

Since  the  functions  of  the  cash  book  are  to  record  in  detail  the 
receipts  and  disbursements  of  cash  and  to  show  at  any  time  the 
balance  of  cash  on  hand,  the  forms  have  been  so  devised  as  to  lessen 
as  far  as  possible  the  work  of  posting,  at  the  same  time  analyzing  the 
receipts  and  expenditures  and  disclosing  the  balance  of  cash  on  hand. 


Digitized  by 


Google 


12 


BULLETIN  225,  U.   S.   DEPARTMENT  OF   AGRICULTURE. 


All  receipts  are  deposited  daily,  and  all  disbursements  are  made  by 
check.  When  it  is  necessary  to  carry  on  hand  a  petty  cash  fund  this 
shoidd  be  done  on  the  Imprest  System  described  in  U.  S.  Department 
of  Agriculture  Bulletin  X78,  '*C!ooperative  Organization  Business 
Methods." 

Cash  receipts. — ^The  form  of  cash  receipts  (Form  7)  corresponds  to 
the  left-hand  side  of  the  ordinary  cash  book.  Columns  have  been 
provided  for  Simdries,  Fruit,  and  Merchandise.  All  remittances 
received  on  account  of  shipments  of  fruit  are  extended  in  the  Fruit 
column.  Merchandise  cash  sales  are  extended  in  the  Merchandise 
column. 

A  column  for  deposits  has  been  provided  in  order  to  show  the 
amoimt  of  the  daily  deposits,  so  that  they  can  be  checked  against  the 
entries  appearing  in  the  bank  pass  book. 

FOBM  7. 

GASH  RRCEIFTS. 


Date. 

Nfiine. 

Items. 

L.F. 

Sun- 
dries. 

1 

Fruit. 
2 

Mer- 
chan- 
dise. 

3 

Bank  da- 
poelta. 

4 

H.  C.  Gannon  &  Go 

A.  B.Jones 

Amount  brought 
forward. 
Car  49  P.  R.R.  106639.... 

On  account 

Car63LS&MS4Oa0S.... 

A.  L.  Ixmg 

480.00 

60.00 

41.00 
20.00 

3,005.35 

60.00 
3.00 

3,545.35 

1914. 
June  25 

667.50 
745.00 

Cruxton  Produce  Co 

Cash  Sales 

1,475.50 

26 

Bills  Receivable.  . 

30 

L.  D.  Jones 

Invoice  4/u) 

61.00 

Fruit      

601.00 
4,417.86 

63.00 

4,417.85 

63.00 

5,06L85 

Merchandise 

5,061.85 

5,061.85 

1.  Sundriet.  Items  appearing  in  this  column  are  posted  in  detail  during  the  month  to  the  credit  of  the 
respective  accounts. 

2.  Fruit.  Credit  Fruit  account  with  total  of  this  column. 

3.  Merchandise.  Credit  Merchandise  Sales  account  with  total  of  this  column  representing  cash  sales  of 
merchandise. 

4.  Deposits.  The  total  of  this  column,  less  balance  carried  forward  from  preceding  month,  must  equal  tlie 
total  of  the  three  columns.  Sundries,  Fruit,  and  Merchandise.  This  shows  that  all  amounts  received  have 
been  deposited  in  the  bank,  and  a  comparison  can  easfly  be  made  between  the  amounts  as  shown  to  have 
been  deposited  in  the  bank  book  and  the  amounts  which  should  have  been  deposited  according  to  the 
cash  book,  thus  providing  another  check  on  the  cash. 

Cdsh  disbursements, — ^The  cash  disbursements  form  (Form  8)  cor- 
responds to  the  right-hand  side  of  the  ordinary  cash  book.  Two  sets 
of  checks  are  used.  The  first  Check  Number  column  and  the  Fruit 
column  are  used  for  the  recording  of  all  checks  issued  to  the  growers 
in  payment  of  the  net  proceeds  of  fruit  shipped.  The  second  Check 
Number  column  and  the  Sundries  column  are  used  for  all  other  items. 
Two  more  columns  have  been  provided  which  may  be  used  for  other 
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accounts  which  may  have  a  number  of  charges  during  the  month, 
such  as  Expense.  The  only  difference  in  the  two  sets  of  checks  lies 
in  numbering  the  growers'  checks  beginning  with '  *  1 "  and  the  general 
checks  with,  say,  ''20001,"  but  few  of  which  will  be  required.^  The 
checks  (Form  10)  are  all  bound  in  the  usual  commercial  form  of  stub 
check  book  with  three  checks  to  the  sheet. 

FORM  10. 


No.  4007 

JUNS  35, 1914. 
T.  C.  LUMfOBD, 
Car  49  PRE  106539 


Charge  acc't  of  Fruit. 
$68.00 


58.00 


Do  not  d«tadi. 
For  payment  as  memo,  below. 


Btatemnt,  June  26. . 
L«" % 


168.00 


THE  EUREKA  PRODUCE 
EXCHANGE,  INC. 


Proper  indorsement  is  receipt 
for  the  above  amount. 


No.  40O7. 

AUBOBA,  DkLAWABS,  JiMie  f5,  /P/^. 

Paytotheorderof  T.C.LimlDrd.  $58.00 

Fifty-eight  and  no/100 dollars 

The  Eubska  Pboducb  Exchavob,  Inc. 

To  the  Fabmkbs  National  Bamk, 
AwwUfDeL 

A.  K.  Melton,  Treaturer. 


As  explamed  under  ''Account  Sales"  (p.  14),  the  checks  are  written 
up  from  the  accounts  sales  and  the  entry  is  made  on  the  cash  book  in 
total  instead  of  in  detail,  thus: 


Date. 

Names. 

tt^lyil^Hnn 

Check 
Nos. 

Frott. 

Growers  Statements. 

car  FOB    m 

2006 

to  2078 

22940 

405  00 

All  checks  drawn  in  the  second  check  book  are  entered  in  detail 
on  the  cash  disbursement  sheet. 

The  balance  brought  forward  from  the  preceding  month  is  entered 
in  the  Deposit  column. 

The  balance  in  bank  at  any  time  is  the  difference  between  the 
Deposit  column  on  the  cash  receipts  side  and  the  total  of  the  Fruit  and 
the  Simdries  colimms  on  the  cash  disbiu-sements  side.* 

Reconciliation  of  the  bank  account  shoidd  be  made  at  the  end  of 
each  month,  the  list  of  outstanding  checks  being  written  on  the  cash 
disbursement  sheet,  or  an  adding-machine  list  pasted  thereon  so  that 
it  will  not  be  lost. 

1  It  is  often  desired  by  the  Directorate  aiKl  in  many  iDstaaees  spectfled  by  the  by-laws  that  certain  distino- 
tioDs  be  made  between  checks  covering  payments  to  growers  and  those  covering  expenses  and  other  items. 
Two  sets  of  checks  were  used  by  the  Exchange  in  which  this  system  was  tried  out,  so  that  there  would  be 
no  interruption  of  the  work  shonld  it  be  desired  while  drawing  a  laige  nmnber  of  dieeks  In  favor  of  growers 
to  draw  a  check  for  some  other  purpose. 

*  If  It  is  desired  to  carry  on  the  ledger  an  account  with  eash,  showing  the  monthly  receipts  and  disburse- 
ments, this  can  be  easily  done.  The  total  of  the  Bondries,  Fruit,  and  Merchandise  oolnmns  on  the  cash 
xeoeipt's  side  will  represent  the  total  receipts,  and  the  total  of  the  Fruit  and  Sundries  columns  on  the  cash 
disbursement's  side,  the  total  disbursements. 
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PCHtMIS. 

CASH  DI8BUB8BMBNT8. 


Dtta. 

«— 

Items. 

L.F. 

Cbeek 
No. 

Fruit 

1 

Check 
No. 

Sim. 
dries. 

3 

1014 

Frutt  Statements 

8.  B.  Larktn  4^  Co 

A.  B.  Diokson 

Broo^t  forward. . 

3, 84a  58 
0ia38 

416.80 
S36.40 

30048 
4 

5 
6 

33142 

June  35 
38 

CarPRRT,^|„ 

InyoioeS/SB 

4007 
to  4018 

4010 
to  4013 

4003 
to40Bl 

7a  80 

27 

SrSS..*::::::::::::: 

aoo 

38 

Fruit  Statements 

Eastern  loe  Co 

CarL.V.»AVM 

39 

Icing  PRR^jH„ 

0/cancarT&H,HT-- 
FruitPAL....™.... 
CarPRRrvM^ 

31 00 

80 

Boston  &  Co 

80 

FrottStatemsits 

130 

Fruit 

4,108wM 
4S8Lfi3 

438L58 

Sundries 

Cash  balance 

4,68a  18 
45L67 

5,08L85 

1.  Fndt.  DcbttFmitaoeonntwlththetotalofthfacohimn 

3.  SundrUt,  Items  appearing  In  this  column  are  posted  In  detail  to  the  debit  of  the  respective  acoonnts. 

THE  ACCOUNT  8ALBS. 

Each  car  lot  is  usually  made  up  of  the  combmed  deliveries  of  several 
growers.  In  order  to  keep  a  full  and  complete  record  of  the  distribu- 
tion of  the  proceeds  among  the  shippers,  the  extensions  are  made  on 
the  manifest  where  a  column  has  been  provided  for  that  purpose. 
The  amount  received  for  the  shipment  less  charges,  such  as  brokerage, 
icing,  etc.  (except  commission),  represents  the  proceeds  received  by 
the  association.  In  writing  up  the  accoimt  sales,  it  is  desirable  to 
show  to  the  grower  the  amount  received  for  the  shipment  and  the 
deduction  made  by  the  association  for  its  commission.  For  conven- 
ience in  writing  them  up,  therefore,  the  extensions  are  made  on  the 
above  basis  instead  of  on  a  basis  of  actual  net  to  be  paid  the  grower. 

The  account  sales  (Form  9)  are  written  up  in  duplicate  from  the 
manifests  after  the  extensions  have  been  made.  When  these  are 
completed,  the  gross  amounts,  commission  and  net  amounts  are 
totaled  in  order  to  prove  the  work  and  to  establish  the  agreement  of 
the  total  of  the  net  amoimts  due  growers,  as  shown  by  the  account 
sales,  with  the  balance  due  growers  appearing  on  the  envelope. 
Checks  are  then  written  for  the  net  amounts  shown  on  the  account 
sales,  and  these  are  totaled  in  order  to  prove  the  accuracy  of  the  work. 
This  total  is  also  used  for  the  entry  on  the  cash  book  as  explained 
imder  ''Cash  Disbursements,"  page  13.  The  original  account  sales 
are  mailed  out  with  the  checks,  and  the  duplicates  are  filed  in  a 
vertical  correspondence  file  containing  a  separate  folder  for  each 
grower.    These  folders  are  arranged  in  alphabetical  order. 
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FOBM  9. 

ACCOUNT  or  SALB. 


THE  EUREKA  PRODUCE  EXCHANGE,  INC. 

AuBOBA,  Del.,  June$5y  1914. 
Sold  for  account  of 
T.  C.  LuNFOBD,  Frankford,  Del. 
Frankford  Station.                                                                 Check  No.  4007. 

Date 
shipped. 

No.  pack- 
ages. 

Grade. 

Deseription. 

Price. 

Amount. 

6/8 

20 

xxxx 

(jandys 

$2.90 

$58.00 

• 

Commiflsion 

2.90 

Net  Droceeds 

55.10 

No  special  ruling  is  required  for  the  ledger  leaves,  but  the  usual 
stock  form  is  used.  The  advantages  of  loose-leaf  ledgers  over  the 
bound  are  obvious;  and,  judging  from  the  manner  in  which  they 
have  superseded  the  bound  books  in  the  business  world,  it  seems 
hardly  necessary  to  enumerate  these  advantages  here. 

It  seems  fitting,  however,  to  sound  a  note  of  warning  regarding  the 
misuse  of  the  loose-leaf  ledger.  Under  the  loose-leaf  system  a 
separate  leaf  is  required  for  each  account.  The  cost  of  the  leaf  is  so 
small  that  there  is  no  reason  why  an  individual  leaf  should  not  be 
given  to  each  customer,  no  matter  what  the  size  of  the  account  may  be. 
To  try  to  economize  by  using  each  side  of  the  sheet  for  a  different 
account  or  by  placing  several  accounts  on  one  sheet  serves  only  to 
defeat  in  a  large  measure  the  advantages  to  be  gained  by  the  use  of 
the  loose-leaf  ledger. 

OPENING  THE  BOOKS. 

In  opening  the  books  to  be  kept  by  the  double-entry  method  for  a 
newly  formed  organization,  the  only  asset  invested  is  cash  received 
from  stock  subscription  or  membership  fees,  and  there  are  generally 
no  liabilities.  An  entry  in  detail  is  made  in  the  cash  book  showing 
the  names  of  the  members  and  the  amounts  paid  in.  The  total  of 
these  amounts  is  credited  to  the  Capital  Stock  account.  The  balance 
of  the  Capital  Stock  accoimt  at  all  times  should  represent  the  par 
value  of  shares  fuUy  paid  up. 

If  payment  for  the  stock  is  not  made  in  full,  but  on  the  installment 
plan,  it  becomes  necessary  to  open  two  more  accounts  in  the  ledger: 
Stock  Subscription  and  Subscribed  Stock.     The  Stock  Subscription 
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account  is  debited  with  the  amount  of  subscriptions  for  capital  stock 
sold  on  the  instaUment  pliui  and  is  credited  with  all  amounts  received 
as  partial  payment  on  such  subscriptions.  The  debit  balance  appear- 
ing on  the  account  represents  the  amount  due  luid  unpaid  on  sub- 
scriptions for  stock  sold  in  this  way.  In  making  the  firat  entry,  the 
Stock  Subscription  account  is  debited  for  the  amount  of  stock  sub- 
scribed to  be  paid  on  the  installment  plan,  and  the  Subscribed  Stock 
accoimt  is  credited  for  this  amount.  The  credit  balance  appearing 
on  this  account  represents  the  total  amount  of  stock  subscribed  but 
not  fully  paid  for.  As  fast  as  the  subscriptions  are  fully  paid  up, 
entries  are  made  debiting  the  Subscribed  Stock  accoimt  and  crediting 
the  Capital  Stock  account. 

This  information  is  here  inserted  merely  to  diow  the  correct  method 
of  recording  the  sale  of  stock  to  be  paid  for  in  installments,  and  not  as 
a  plan  of  financing  the  organization.  This  method  of  procedure  and 
also  that  of  charging  the  amount  of  the  stock  to  the  growers'  accounts 
to  be  deducted  from  the  net  proceeds  obtained  for  fruit  shipped, 
may  work  well  in  some  instances,  but  is  usually  productive  of  dis- 
satisfaction on  the  part  of  those  who  have  met  their  obligations  faith- 
fully because  those  who  have  contributed  but  a  portion  of  the  amoimt 
subscribed  claim  and  enjoy  full  rights  and  benefits. 

All  future  entries  are  records  of  actual  transactions,  and  the  proper 
accounts  are  opened  in  the  ledger  as  required. 

In  changing  from  a  set  of  single-entry  books  to  a  double-entry,  or 
reopening  a  set  of  double-entry  books  preparatory  to  installing  this 
system,  the  financial  position  of  the  exchange  should  be  determined 
by  making  up  a  statement  of  assets  and  liabilities,  showing  on  one 
side  the  assets  and  on  the  other  side  the  liabihties  and  capital  invested. 
This  statement  should  be  made  up  in  the  following  form: 

ASSETS. 

Cash  in  bank $1,000.00 

Cash  on  hand 500. 00 

$1,500.00 

Bnifl  receivable 500.00 

Accounts  receivable 500. 00 

Merchandise  inventory 1, 950. 00 

Office  furniture  and  fixtures 800. 00 

Buildings 5,000.00 

Real  estate 2,000.00 

UABILmES  AND  CAPITAL. 

Accounts  payable $1, 500. 00 

BiUspayable 2,000.00 

Capitalstock 8,500.00 

Balance  (profit) 250. 00 

12.250.00      12,250.00 
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The  excess  of  assets  over  liabilities  and  capital  will  be  shown  in  the 
statement  on  the  credit  side  under  the  caption  ** Surplus.''  The 
excess  of  liabilities  and  capital  over  the  assets,  however,  indicates  the 
reverse  of  the  above  condition;  namely,  that  a  deficit  exists.  This 
amount  will  be  shown  in  the  statement  on  the  debit  side  imder  the 
caption* 'Deficit."^ 

The  statement  of  assets  and  liabilities  is  transferred  to  the  journal 
and  forms  the  opening  entry  displaying  the  financial  position  of  the 
business — that  is,  the  assets,  liabilities,  and  capital. 

WHAT  ACCOUNTS  TO  KEEP. 

The  following  accounts  are  usually  needed  in  an  organization  of  this 
kind.  Further  nominal  accounts  may  be  found  necessary  and  can 
be  opened  as  desired,  but  in  the  main  the  list  here  given  will  be  found 
sufficiently  comprehensive  to  cover  all  needs. 

Capital  stock. — ^The  credit  balance  appearing  on  this  account  meas- 
ures the  amount  of  stock  fully  paid  up,  for  which  certificates  of  stock 
are  issued  and  outstanding. 

Land. — ^The  debit  balance  appearing  on  this  account  measures  the 
cost  of  the  land  owned  by  the  organization. 

Building. — The  debit  balance  appearing  on  this  account  measures 
the  cost  of  the  building.  If  the  organization  owns  more  than  one 
building,  it  will  be  found  preferable  to  carry  a  separate  account  with 
each  building. 

OJice  equipment — ^The  debit  balance  on  this  account  measures  the 
cost  of  all  office  furniture  and  equipment  on  hand.  This  includes  all 
the  heavier  articles,  but  does  not  include  the  smaller,  such  as  ink  wells, 
pencils,  daters,  etc.,  which  have  to  be  renewed  frequently.  These 
should  be  charged  to  expense  direct,  under  the  distribution  of  office 
supphes. 

Fixtures. — ^The  debit  balance  on  this  accoimt  measures  the  cost  of 
warehouse  and  platform  fixtures  on  hand,  such  as  shelving,  counter 
scales,  and  trucks. 

Ca>sh. — ^Many  bookkeepers  do  not  carry  a  cash  account  in  the 
ledger,  but  in  taking  a  trial  balance  refer  back  to  the  cash  book  for 
the  balance  of  cash  on  hand.  Others  transfer  the  balance  as  per  cash 
book  to  the  cash  accoimt  in  the  ledger,  ruling  this  account  off  arbi- 
trarily at  the  end  of  the  month.  It  is  often  desirable  to  show  at  a 
glance  the  total  receipts  and  total  disbursements  for  each  month  in 
order  to  make  comparisons.    The  cash  accoimt  in  the  ledger  is  there- 

1  Deficit  Is  not  an  asset  and  should  it  be  necessary  to  display  this  ted  on  a  statement  for  distribation  among 
the  members,  this  item  either  should  be  shown  in  red  ink  on  the  credit  side  of  the  statement  in  the  same 
position  as  Surplus,  or  it  should  be  deducted  from  Capital  Stock  in  order  to  show  the  impairment  of  capital. 
It  would  be  shown  in  the  above  statement  on  the  asset  side,  as  this  statement  Is  the  basis  of  the  opening 
entry  made  in  the  Journal. 
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fore  debited  with  the  balance  as  shown  by  the  cash  book  when  the 
account  is  being  started,  is  debited  with  the  total  receipts  at  the  end 
of  the  month,  and  is  credited  with  the  total  disbursements.  The 
balance  of  the  account  will  therefore  agree  with  the  balance  as  shown 
by  the  cash  book  at  the  end  of  the  month. 

Bills  receivable. — The  debit  balance  on  this  account  represents  the 
face  value  of  the  notes  received  from  others. 

Bills  payahle. — ^The  credit  balance  on  this  account  represents  the 
total  of  notes  due  to  others. 

Accounts  receivable. — As  explained  in  '' Memorandum  Records" 
(p.  2),  no  accoimts  receivable  are  carried  on  the  ledger  with  the 
parties  to  whom  the  shipments  of  fruit  are  made.  The  car  envelopes, 
like  other  financial  records  of  the  business,  should  be  guarded  care- 
fully against  loss  by  theft  or  fire  and  shoiild  be  placed  in  the  vault  or 
safe  at  night,  at  least  until  returns  for  the  shipments  have  been  made 
to  the  growers,  after  which  time  they  can  be  filed  in  document  files. 

It  sometimes  happens  that  a  number  of  cars  of  fruit  will  be  stored 
with  a  wholesaler,  to  be  sold  as  needed  by  the  trade  at  prevailing 
market  prices.  Payments  for  sales  made  in  this  manner  are  usually 
made  on  the  basis  of  the  lots  of  fruit  sold  instead  of  individual  cars, 
in  which  case  it  might  be  found  advisable  to  open  an  account  on  the 
ledger  in  the  name  of  the  wholesaler  and  to  charge  up  the  invoices 
covering  the  shipments.  This  is  done  by  journal  entry,  debiting  the 
customer's  account  and  crediting  the  Fruit  accoimt.  The  part  pay- 
ments are  then  credited  to  the  customer's  account  as  they  are 
received. 

In  the  smaller  exchanges  growers'  supphes  are  sold  in  but  limited 
quantities,  and  usually  on  a  basis  of  thirty  days'  credit.  Ledger 
accounts,  therefore,  need  be  kept  only  with  the  growers  purchasing 
supphes  on  credit. 

Information  as  to  credits  to  a  particiilar  grower  for  fruit  sold  for 
him  can  be  taken  from  the  account  sales  filed  in  the  folder  under  his 
name,  as  described  imder  the  heading  **The  Account  Sales,"  page  14. 
The  copies  of  the  account  sales  also  show  the  number  of  the  check  sent 
to  the  grower  in  case  it  is  desired  to  trace  the  payment  further.  As  a 
rule,  there  will  be  but  few  instances  where  it  will  be  found  necessary 
to  deduct  a  debit  balance  appearing  on  a  grower's  account  from  the 
account  sales  to  be  rendered  to  him.  Should  this  be  necessary,  a 
journal  entry  is  passed,  charging  fruit  and  crediting  the  grower's 
account  for  the  amount,  which  is  then  subtracted  from  the  account 
sales  and  a  check  written  for  the  balance. 

Accounts  payable. — Individual  accounts  should  be  kept  with  cred- 
itors, the  credit  balance  appearing  on  the  account  measuring  the 
amount  due  each  creditor. 
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Irwentory. — The  debit  balance  appearing  on  this  account  measures 
the  cost  of  goods  on  hand  at  the  beginning  of  the  fiscal  year. 

Merchandise. — ^The  Merchandise  account  is  divided  into  two 
accounts:  Merchandise  Purchases  and  Merchandise  Sales. 

Merchandise  purchases. — ^This  account  is  debited  with  the  cost  of 
the  merchandise  and  freight  on  the  same.  It  is  credited  with  the 
cost  of  goods  returned  by  the  organization.  The  debit  balance  appear- 
ing on  this  account  represents  the  cost  of  merchandise  purchased. 

Merchandise  sales. — ^This  account  is  credited  with  the  total  sales 
and  is  debited  with  the  total  amount  of  goods  returned  by  customers. 
The  credit  balance  of  the  account  measures  the  total  net  sales. 

Trading  account. — ^This  accoimt  is  a  subdivision  of  the  profit  and 
loss  account  and  is  used  only  when  the  books  are  being  closed.  It 
shows  how  the  gross  profit  on  sales  is  arrived  at.  The  use  of  this 
account  is  more  fully  explained  under  the  heading  ''dospig  the 
Books"  (page  20). 

FruU. — ^An  accoimt  is  opened  under  the  captions  of  *' Fruit"  or 
'' Produce,"  according  to  the  product  handled.  This  account  is 
credited  with  the  remittances  received  for  the  shipments  and  charged 
with  the  gross  amoimts  paid  to  the  growers — that  is,  the  net  plus 
commission.  The  two  sides  of  this  account  should  balance  at  the 
end  of  the  season,  showing  that  full  returns  have  been  made  to  the 
growers. 

Fruit  profit  and  loss. — ^An  account  under  the  caption  ''Fruit  Profit 
and  Loss,"  or  ''Produce  Profit  and  Loss"  is  carried  only  when  a 
portion  of  the  products  are  bought  outright  from  the  growers  instead 
of  aU  being  handled  on  a  strictly  commission  basis.  This  is  explained 
in  detail  under  the  description  of  the  journal  (page  10).  This  account 
measures  the  profit  made  or  loss  sustained  on  products  bought  from 
the  growers. 

Commission. — ^The  credit  balance  appearing  on  this  account  will  be 
the  amount  of  the  commission  earned. 

Expense.^ — ^To  this  account  are  debited  all  disbursements  on  account 
of  expense.  The  account  can  be  further  subdivided  into  salaries, 
rent,  insurance,  etc.,  but  in  a  small  business  it  is  perhaps  just  as 
practical  to  have  the  one  expense  account  showing  the  distribution 
of  the  various  items  in  the  explanation  column  on  the  ledger.  At  the 
end  of  the  year,  the  account  is  analyzed  imd  a  statement  made  up 
showing  the  distribution  of  the  items  imder  various  subheadings. 
If  a  large  amount  of  office  supphes  and  stamps  is  carried  over  at  the 
end  of  the  year,  it  should  be  taken  into  consideration  in  order  to 
arrive  at  the  true  profit  or  loss. 

1 A  metbod  for  segregating  expense  items  by  means  of  an  expense  distribution  book  is  explained  in  U.  S. 
Department  of  Agricnlton  Bulletin  No.  17S— "Cooperative  Organisation  Business  Methods."  This  will 
be  Jbund  a  macik  shorter  and  preferable  method  for  the  laiger  organiations  than  the  one  here  given. 
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Interest  and  discount. — ^Tbis  account  is  debited  with  interest  paid 
on  notes  payable  and  credited  with  interest  received  on  notes  receiv- 
able. It  is  debited  with  cash  discounts  allowed  and  credited  with 
cash  discounts  received. 

Reserve  for  deprecidtion. — Provision  for  setting  up  a  reserve  for 
depreciation  on  buildings,  office  equipment,  luid  fixtures  is  made 
by  chaining  the  Profit  and  Loss  account  and  crediting  the  proper 
reserve  accounts  imder  the  caption  of  "Reserve  for  Depreciation  of 
Buildings/'  etc.  This  is  more  fully  explained  in  U.  S.  Department 
of  Agriculture  Bulletin  No.  178,  *' Cooperative  Organization  Business 
Methods.''    . 

Reserve  for  bad  debts. — ^At  the  close  of  the  year,  a  certain  amoimt 
is  set  aside  out  of  the  profits  to  cover  the  estimated  loss  on  bad 
accoimts.  The  balances  of  the  accounts  found  to  be  uncollectible 
are  then  charged  to  this  account.  The  credit  balance  on  this  account 
measures  the  available  amount  reserved  from  profits  to  offset  losses 
from  bad  accoimts  and  should  not  be  shown  on  the  balance  sheet  on  the 
credit  side  as  a  liabiUty  but  should  appear  on  the  asset  side  as  a 
deduction  from  the  total  amount  due  from  customers. 

Profit  and  loss. — ^This  account  is  debited  at  the  close  of  the  year 
with  the  balance  of  all  expense  accounts  and  other  nominal  accounts — 
that  is,  accounts  containing  profit  and  loss  elements — showing  a 
debit  balance.  It  is  credited  with  the  gross  profit  from  the  trading 
account  and  with  the  balances  of  any  nominal  accoimts  showing 
credit  balances.  The  credit  balance  resulting  on  this  account  rep- 
resents the  net  profit  from  operations  during  the  year  and  should  be 
transferred  to  the  Surplus  account.  If  a  debit  balance  results,  it  is  a 
deficit  and  should  be  charged  against  the  balance  appearing  on  the 
Surplus  account.  If  no  surplus  has  been  created,  the  deficit  should 
be  charged  to  Deficit  account. 

Surplus. — ^This  account  is  credited  at  the  close  of  the  year  with 
the  net  profit  as  shown  by  the  Profit  and  Loss  account.  It  is  debited 
with  the  amount  of  dividend  declared,  at  which  time  the  Dividend 
account  is  credited.  The  credit  balance  of  the  account  then  repre- 
sents the  undivided  profits. 

Dividend. — ^This  account  is  credited  when  dividends  arc  declared 
by  the  board  of  directors  and  the  Surplus  account  is  debited.  The 
account  is  then  debited  with  the  total  of  the  dividend  paid. 

CLOSING  THE  BOOKS. 

An  inventory  of  merchandise  on  hand  is  made  at  the  end  of  the 
year.  This  is  a  schedule  or  list  of  the  goods  on  hand,  with  values 
extended  at  cost  prices.  After  all  extensions  have  been  made,  these 
are  totaled.  The  extensions  and  additions  should  then  be  verified 
so  as  to  establish  the  accuracy  of  the  work.     If  a  Merchandise 
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account  has  been  kept,  the  amount  of  the  inventory  is  carried  into 
the  accounts  by  the  following  entry: 

Inventory $1, 000. 00 

To  MerchandiBe $1,000.00 

The  balance  then  appearing  on  the  Merchandise  account — that  is, 
the  total  of  sales  and  inventory  at  the  end  of  the  year,  less  the  total 
of  purchases  and  inventory  at  the  b^inning  of  the  year — ^represents 
the  gross  profit  on  merchandise,  or  if  there  is  a  debit  balance  on  the 
account,  it  represents  the  gross  loss  on  merchandise.  If  a  profit  has 
been  made  on  the  Merchandise  account,  the  balance  is  transferred  to 
the  Profit  and  Loss  account  by  a  journal  entry  as  follows: 

Merchandise $500.00 

To  Profit  and  Lo68 $500.00 

If  a  loss  was  sustained  the  entry  is: 

Profit  and  Loes $500.  00 

To  Merchandise $500. 00 

After  the  entry  is  made  which  carries  the  balance  on  the  Merchan- 
dise account  to  the  Profit  and  Loss  accoimt,  the  Merchandise  account 
will  appear  as  follows: 

Merchandise  Account. 


Purchases $5,500.00 

Profitand  Loes 500.00 


6,000.00 


Sales $5, 000. 00 

Inventory 1, 000.  00 


6,000.00 


After  the  books  are  closed,  another  joimial  entry  is  made  charging 
the  Merchandise  account  for  the  next  year  with  the  amount  of  the 
inventory  and  crediting  that  accoimt. 

The  above  method  is  given  for  the  reason  that  in  some  organiza- 
tions the  amount  of  merchandise  handled  is  so  small  that,  in  the 
opinion  of  the  bookkeepers  operating  the  books,  the  additional  work 
entailed  in  separating  merchandise  purchases  and  sales  would  hardly 
be  warranted. 

.  Instead  of  keeping  a  Merchandise  account  it  would  be  much  better 
to  keep  two  accoimts:  Merchandise  Purchases  and  Merchandise 
Sales.  The  amount  of  the  inventory  is  allowed  to  stand  in  the 
Inventory  account  throughout  the  year  and  another  account — the 
Trading  Account — is  raised  at  the  time  of  closing  the  books.  By 
the  use  of  these  accounts,  the  Inventory  accoimt  would  show  the 
amount  of  goods  on  hand  at  the  beginning  of  the  fiscal  year;  the 
Purchases  account,  the  cost  of  goods  purchased;  and  the  Sales 
account,  the  sales  for  the  year. 

In  closing  the  books,  the  Inventory  accoimt  would  be  credited  and 
the  Trading  Account  debited  for  the  amount  of  the  inventory  carried 
over  from  the  previous  period;  the  Purchases  account  credited  and 
the  Trading  Account  debited  for  the  total  purchases;  the  Sales 
^Account  debited  and  the  Trading  Account  credited  for  total  sales. 
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To  bring  the  new  inventory  into  the  accounts  the  Inventory  account 
is  debited  and  the  Trading  Accoimt  credited  for  goods  on  hand  at 
the  close  of  the  period.  A  credit  balance  appearing  on  the  Trading 
Accoimt  would  then  measure  the  gross  profit  from  merchandise  and  a 
debit  balance  would  measure  the  gross  loss.  This  balimce  is  trans- 
ferred to  the  Profit  and  Loss  account  by  a  journal  entry.  When 
these  entries  have  been  made,  the  Trading  Account  will  appear  as 

follows: 

Trading  Account. 


Inventory  as  at  beginning  of 

year $3,000.00 

Purchaaea 13,000.00 

Profit  and  Lofls 1,000.00 


17,000.00 


Sales $15,000.00 

Inventory  as  at  close  of  year . .      2, 000. 00 


17,000.00 


While  apparently  there  is  little  difference  between  the  Trading 
Account  and  the  Merchandise  account  as  previously  shown,  it  will 
be  imderstood  that  the  purchases  and  sales  are  shown  in  thd  copy  of 
the  Merchimdise  accoimt  in  total  for  illustrative  purposes  only,  and 
they  do  not  appear  in  this  form  in  actual  operation.  The  Trading 
Account,  however,  shows  in  total  the  component  elements  which 
make  up  the  gross  profit  on  sales,  so  that  it  can  be  viewed  as  a  whole. 

To  dose  the  nominal  accounts,  that  is,  the  accounts  containing 
profit  and  loss  elements,  into  the  Profit  imd  Loss  account,  two 
journal  entries  are  made:  The  first  for  all  expense  accounts  and 
other  nominal  accounts  showing  debit  balances,  and  the  second  for  all 
nominal  accounts  showing  credit  balances.    The  first  of  the  entries 

is  as  follows: 

Profit  and  Loss $4,30a00 

ToExpense $4,00a00 

Interest 200. 00 

Reserve  for  deprecia- 
tion of  building 100. 00 

The  second  entry  is  as  follows: 

Fruit  Profit  and  Loss.    $30a  00 

Ck>mmi6sion 5, 000.  00 

To  Profit  and  Loss $5,30a00 

When  all  entries  are  posted  to  the  Profit  and  Loss  account  this 
account  will  appear  as  follows: 

Profit  and  Loss  Account. 

Expense - $4,000.00 

Interest 200.00 

Reserve    for    depreciation    of 

building 100.00 

Balance,  net  profit 1,000.00 

5,300.00 


Fruit  Profit  and  Loss $30a00 

Ck>mmi8Bbn 5,000.00 


5,3oaoo 

Balance 1,00111.00 
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The  baliuice  of  SI, 000  is  then  credited  to  the  Surplus  account.  All 
closing  entries  should  be  made  through  the  journal  and  not  arbi- 
trarily on  the  face  of  the  ledger.  It  will  be  found  advisable  to  list 
all  items  of  profit  and  loss  on  the  Profit  and  Loss  accoimt  instead  of 
showing  these  in  total  according  to  the  joiunal  entry.  This  will 
preclude  the  necessity  of  turning  back  to  the  journal  each  time  it  is 
desired  to  know  the  details  of  the  items  appearing  in  the  Profit  and 
Loss  account. 

After  all  closing  entries  have  been  made,  a  post-closing  trial  balance 
should  be  taken  to  test  the  accuracy  of  the  work.  This  schedule 
will  be  found  valuable  in  preparing  the  balance  sheet.  A  full  expla- 
nation of  the  preparation  of  the  annual  statement  will  be  found  in 
U.  S.  Department  of  Agriculture  Bulletin  No.  178,  *' Cooperative 
Organization  Business  Methods." 

SECOND  METHOD. 

It  will  be  seen  that  the  method  first  given  does  not  provide  for  any 
growers'  accounts  except  for  the  sale  of  supplies.  The  second  method 
contemplates  the  opening  of  ledger  accounts  for  all  growers.  These 
present  a  complete  record  of  the  transactions  with  each  individual 
grower.  This  method  should  be  used  in  organizations  where  the 
supply  business  has  been  fully  developed,  and  charges  should  be 
made  at  frequent  intervals  throughout  the  year  to  the  growers' 
accounts. 

After  the  remittance  covering  the  shipment  has  been  received  and 
credited  on  the  cash  book  and  it  is  desired  to  make  payment  to  the 
growers,  the  distribution  of  the  proceeds  is  made  on  the  manifest  as 
in  the  previous  method  shown.  The  account  sales  are  written  up, 
imd  a  journal  entry  is  made  as  follows: 

Fruit $600.00 

To  growers 1536.75 

commission 28. 25 

broker 10.00 

icing 25.00 

If  each  car  is  made  up  of  the  combined  shipments  of  but  two  or 
three  growers,  the  name  of  each  grower  should  be  shown  in  the  above 
entry  with  the  amount  of  the  credit  opposite.  If,  however,  the  cars 
are  made  up  of  the  shipments  of  many  growers,  the  total  credited 
to  the  growers'  accounts  shoiild  be  shown  in  the  journal  entry,  and 
the  posting  of  the  individual  items  shoiild  be  made  from  the  account 
sales  to  the  ledger  accounts.  Shoiild  it  be  necessary  to  look  up  the 
details  of  this  entry,  the  car  number  will  give  the  reference  to  the 
information  desired.  Duplicate  copies  of  the  accoimt  sales  are  filed 
in  folders  under  the  growers'  names,  as  explained  under  the  first 
method. 
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CASH  DISBUB8EMENTS. 


Another  form  of  cash  disbursements  sheet  (Form  8a)  is  here  given, 
showing  the  niling  when  but  one  set  of  checks  is  used.  This  form 
can  be  used  as  a  check  register,  all  checks  being  entered  direct 
thereon  without  first  being  written  up  in  the  stub  check  book.  The 
checks  are  numbered  and  put  up  in  pads  instead  of  in  the  usual  stub 
check-book  form,  and,  as  the  numbers  follow  consecutively  on  the 
register,  each  numbered  check  must  be  accounted  for. 


FORM  8A. 
CASH   DISBUI18EMBNT8. 


Date. 

Name. 

Items. 

Check 
No. 

Amount 
of  check. 

L.F. 

Grow- 
ers'ac- 
counts. 

Sun- 
dritt. 

T.  r.  Luiift>nl . . . . 

Amount  brou^t 
forward. 
Fr.Sta't.   PRR  Tirf|„ 

44            4t 
44            44 

Expense-Cartage. 

On  Account 

3,540.22 

58.00 

60.00 

43.62 

243.80 

3.10 

100.00 

36.80 

1.60 

10.62 

8.66 

80.00 

875.00 

3,200.22 
406.42 

133.38 

340.00 

1914. 
June  25 

4,007 
8 
0 
10 
11 
12 
13 
14 
16 
16 
17 
18  to  21 

W.H.  Hinckley 

B.D.MUton 

J.  A.  Bamett 

26 

A.  L.  Thomas 

3.10 

27 

Marlon  Seed  Co 

100.00 

30 

N.  K.  Nelson 

FrtSto't.    LV   ,Ht 

41             44 
44            44 
44            44 

Cash  balfliM^ 

A.L.  Watson 

Mis.  B.  Oliver 

J.  P.Foss 

Arthur  Burton 

Pay  Roll 

875.00 

4,657. 12 
342.00 

8,730.02 

81&10 

4,800.12 

EXPRESS  SHIPMENTS. 

Small  shipments  by  express,  consisting  of  goods  sent  out  on  con- 
signment, are  handled  in  the  same  manner  as  carload  shipments,  but 
a  separate  file  is  provided  for  filing  the  envelopes.  Instead  of  using 
a  different  form  of  envelope  for  the  consignments,  the  regular  form 
of  car  envelopes  can  be  used  and  the  words  ** express  consignment" 
stamped  on  the  face  of  the  envelope  so  that  the  two  files  may  be 
distinguished  easily. 

TRUL  BALANCE. 

A  trial  balance  shoiild  be  taken  off  the  books  monthly.  This 
tests  the  correctness  of  the  postings  and  demonstrates  the  agreement 
of  the  two  sides  of  the  ledger.  It  also  gives  the  manager  and  the 
board  of.  directors  a  view  of  the  balances  appearing  on  the  ledger 
accoimts,  which  information  will  be  found  very  valuable  in  the  con- 
duct of  the  business.  To  obtain  the  same  information  from  the 
ledger  without  the  aid  of  such  a  schedule,  the  manager  would  be 
obliged  to  page  through  the  ledger,  and  this  method  woiild  not 
afford  the  comparisons  with  previous  months  that  the  monthly  trial 
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balances  would  furnish.  A  further  discussion  of  this  suhject  and  the 
necessity  therefor  will  be  found  in  U.  S.  Department  of  Agriculture 
Bulletin  No.  178,  * 'Cooperative  Organization  Business  Methods." 

BINDERS. 

Of  the  three  forms — ^journal,  cash  receipts,  and  cash  disburse- 
ments— that  of  the  journal  is  the  largest,  measuring  16  G)iiiding  side) 
by  14  inches.  The  other  two  forms  measure  16  by  13  inches  and  16 
by  13S  inches,  respectively.  All  of  these  forms  therefore  fit  in  a  16 
by  14  inch  stock  form  of  binder.  There  are  many  different  makes  of 
sectional  post  binders  on  the  market,  both  end  and  top  locking,  the 
price  of  these  ranging  from  S3  to  $9,  according  to  the  binding.  Sec- 
tional post  transfer  binders  in  full  canvas  without  the  lock  but  with 
knurled  nuts  to  fasten  the  binder  cost  from  $2  to  $4.  These  binders 
are  made  with  three-eighths  inch,  also  five-sixteenths  inch  posts, 
which  are  llf  inches  from  center  to  center. 

CONCLUSION. 

Cooperative  organizations  desiring  to  install  this  system  can  pro- 
cure printers'  copies  of  the  accounting  forms  upon  request  to  the 
Chief  of  the  Office  of  Markets  and  Rural  Organization.  The  office 
will  be  glad  to  give  whatever  information  is  desired  for  the  installa- 
tion and  operation  of  the  system.  In  fact,  it  is  desired  to  make  this 
branch  of  the  work  as  specifically  helpful  as  possible  in  solving  the 
many  accoimting  problems  of  cooperative  and  farmers'  organiza- 
tions marketing  agricultural  products,  and  to  aid  in  introducing  the 
most  modem  methods  of  accounting,  auditing,  financing,  and  busi- 
ness practices.  In  this  way  it  is  hoped  that  help  will  be  given  to 
these  organizations  which  will  bring  them  to  their  highest  efficiency 
in  the  marketing  and  distribution  of  farm  products. 

All  correspondence  should  be  addressed  to  the  Chief,  Office  of 
Markets  and  Rural  Organization,  U.  S.  Department  of  Agriculture, 
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